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THE  EFFECT  OF  INJECTIONS  OF  HEMOLYTIC  STREPTO- 
COCCI ON  SUSCEPTIBLE  AND  INSUSCEPTIBLE 
ANIMALS. 

By  J.  GARDNER  HOPKINS,  M.^.,  and  JULIA  T.  PARKER. 

(From  the  Department  of  Bacteriology  of  the  (hlle^  of  Physicians  and  Surgeons  of 
Columbia   University,  New  York.) 

(Received  for  publication,  Augiist  3,  1917.) 

The  observations  recorded  in  this  paper  w«e  made  in  the  course 
of  a  study  of  streptococcus  infection  and  irrmiunity.  In  order  to 
study  the  problem  of  the  immunization  of  animals  against  strepto- 
coccus infection,  it  was  necessary  first  to  obtain  as  clear  a  picture 
as  possible  of  the  course  of  the  infection  in  untreated  animals.  It 
has  been  noted  by  other  workers,  and  is  borne  out  by  our  own  obser- 
vations, that  bacteria  introduced  into  the  circulation  of  the  living  ani- 
mals cjuickly  disappear.  It  was  our  first  task  to  study  this  phenome- 
non and  if  possible  to  find  some  means  of  explaining  it. 

We  found  that  with  hemolytic  streptococci,  which  are  of  rather  low 
virulence  for  rabbits,  a  sublethal  dose  may  completely  disappear  from 
the  blood  stream  within  a  few  hours.  If  a  lethal  injection  is  given, 
over  90  per  cent  of  the  cocci  are  removed  from  the  circulation  within 
the  first  few  minutes,  and  subsequent  blood  cultures  reach  a  minimum 
in  2  to  3  hours,  but  after  4  to  6  hours  the  number  again  begins  to  in- 
crease. Even  with  lethal  doses,  cultures  of  1  cc.  of  blood  may  show 
no  colonies  after  2  or  3  hours,  but,  as  a  rule,  streptococci  do  not  com- 
pletely disappear  after  such  an  injection.  The  usual  course  of  a 
primary  removal  is  shown  by  the  cultures  taken  after  the  first  injec- 
tion recorded  in  Experiment  2.  An  example  of  complete  removal  is 
shown  in  Experiment  1. 

Experiment  1. — Rabbit  injected  with  5  cc.  of  a  heavy  suspension  of  Streptococ- 
cus 43.  Cultures  taken  immediately  showed  several  thousand  organisms  per  cc. 
of  blood.  After  10  minutes,  five  drops  of  blood  showed  only  23,  and  after  30 
minutes,  5;  after  1  hour,  2  hours.  Ah  hours,  lU  hours,  and  26  hours,  1,  0,  6,  17, 
and  118  organisms  respectively. 
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The  blood  cultures  subsequent  to  those  recorded  in  the  experiment 
were  consistently  positive  until  the  death  of  the  animal  on  the  4th 
day.  The  prompt  and  almost  invariable  removal  of  organisms  arti- 
ficially introduced  into  the  circulation  has  been  difificult  to  harmonize 
with  the  fact  that  in  susceptible  animals  the  organisms  again  appear 
in  the  blood  within  4  to  12  hours,  and  may  be  found  constantly  in  the 
circulation  until  death,  as  in  cases  of  spontaneous  septicemia. 

There  are  four  hypotheses  which  might  account  for  this:  first,  that 
after  a  period  the  blood-sterilizing  mechanism  becomes  exhausted  and 
permits  bacteria  to  remain  in  the  circulation;  second,  that  the  bac- 
teria after  a  brief  stay  within  the  body  become  resistant  to  its  defen- 
sive powers;  third,  that  the  injection  of  foreign  protein  stimulates 
some  reaction  such  as  a  mobilization  of  antibodies,  or  of  phagocytes, 
which  would  account  for  the  prompt  and  extensive  preliminary 
removal  of  the  bacteria;  fourth,  that  the  bacteria  do  not  multiply 
in  the  circulation,  but  are  continually  introduced  from  infected  tis- 
sues faster  than  they  can  be  removed. 

The  first  possibility  is  practically  ruled  out  by  the  fact  that  if,  dur- 
ing the  period  of  the  reappearance  of  bacteria  from  the  circulation, 
an  additional  number  many  times  in  excess  of  those  present  is  intro- 
duced, they  are  removed  as  rapidly,  or  even  more  rapidly  than  after 
the  first  injection,  and  that  this  reinjection,  and  subsequent  removal 
of  the  bacteria,  may  be  repeated  until  the  animal  becomes  moribuhd. 
This  fact,  originally  observed  by  Bull,'  is  well  illustrated  in  the  follow- 
ing experiment: 

Experiment  2.  Removal  of  Streptococci  after  Repeated  Injections. — A  rabbit 
weighing  1,620  gm.  was  injected  into  the  ear  vein  with  a  suspension  of  Strepto- 
coccus 5,  containing  72,000  chains  of  small  clumps  per  cmm.  Five  drops  of  blood 
from  the  opposite  car  were  plated  in  sheep  blood  agar  at  the  inter\^als  noted. 

First  Injection,  4.8  Cc. — Cultures  taken  after  1  minute  showed  60,000  colonies; 
sank  to  135,  3,  and  5  after  10  minutes,  1  hour,  and  4  hours  respectively;  rose  to 
1,800  at  6  hours;  showed  127,  150,  and  8  colonies  after  23  hours,  25  hours,  and  25 
hours,  4  minutes  respectively. 

Second  Injection,  25\  Hours  after  First  Injection.  2.4  Cc.  Injected. — Cultures 
>j  minute  after  injection  showed  62,000  colonies;  sank  to  19  after  10  minutes  and 
remained  low  for  3  hours;  after  4  hours  cultures  showed  200  colonies;  after  7J 
hours,  100:  after  8  hours,  56. 

'  Bull,  C.  G.,  J.  Exp.  Med.,  1916.  xxiv,  7. 
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Third  Injeclion,  8  Hours,  10  Minutes  after  Second  Injection.  0.5  Cc.  hijected. — 
Cultures  j  minute  after  injection  showed  21,000  colonies;  fell  to  15  after  10  min- 
utes; after  20  minutes,  5  hour,  IJ  hours,  2\  hours,  and  13|  hours,  showed  180, 
280,  75,30,  and  220  colonies,  respectively;  rose  to  1,320  at  16J  hours;  and  after 
20  hours,  21  hours,  23  hours,  11  minutes,  and  23  hours,  27  minutes,  showed  5i, 
51,  120,  and  221  colonies,  respectively. 

Fourth  Injection,  24  Hours,  28  Minutes  after  Third  Injection.  4.0  Cc.  Injected. — 
Cultures  i  minute  after  injection  showed  65,000  colonies;  sank  to  90  after  11 
minutes,  and  remained  fairly  low  for  3j-  hours;  rose  to  480,  4|  hours  after  injec- 
lion.    Died  20  hours  after  injection. 

The  second  possibility,  namely,  that  the  streptococci  have  become 
resistant,  deserves  more  careful  observation.  Considerable  evidence 
has  been  brought  forward  to  show  that  bacteria  which  have  grown 
in  the  body  differ  strikingly  in  their  resistance  from  the  same  organ- 
isms cultivated  artificially.  The  studies  of  Gruber  and  Futaki-  on 
anthrax,  and  of  Bail,^  Eisenberg/  and  others  on  Gram-negative  bacilli, 
are  too  familiar  to  require  more  than  passing  reference.  In  his 
studies  on  pneumococcus  infection  in  dogs,  Bull'  has  shown  that  the 
organisms  which  reappear  in  the  circulation  after  the  primary  fall  in 
sepsis  are  more  resistant  to  the  action  of  immune  sera  than  those 
injected. 

However,  in  the  case  of  hemolytic  streptococcus  infection  in  the  rab- 
bit, this  does  not  seem  to  offer  a  satisfactory  explanation.  It  is  true 
that  streptococci  which  have  multiplied  in  the  peritoneal  cavity  of 
a  mouse  show  a  striking  resistance  to  agglutination  and  phagocytosis, 
even  in  the  presence  of  immune  serum  derived  from  rabbits,  as  com- 
pared with  streptococci  from  culture.  The  latter,  as  a  rule,  aggluti- 
nate spontaneously,  and  are  extensively  phagocyted  in  salt  solution, 
whereas  suspensions  from  the  peritoneums  of  infected  mice  have  often 
failed  to  agglutinate  in  the  immune  sera  in  our  possession,  and  show 
high  relative  resistance  to  phagocytosis.  Nevertheless,  if  these  bacilli 
from  the  mouse  peritoneum  are  injected  into  a  rabbit's  circulation, 
they  are  disposed  of  almost  as  effectually  as  are  culture  organisms. 
This  is  illustrated  in  the  following  experiment: 

-  Gruber,  M.,  and  Futaki,  K.,  Miinch.  mcd.  Woch.,  1906,  liii,  249. 

2  Bail,  O.,  Arch.  Hyg.,  1905,  lii,  272. 

*  Eisenberg,  P.,  Ccntr.  Bakteriol.,  Ite  Abt.,  Orig.,  1908,  xlv,  638. 
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Experiment  3.  Removal  of  Streptococci  Obtained  from  Peritoneum  of  Mouse. — 
Three  mice  were  injected  intraperiioneally  with  Streptococcus  5.  The  24  hour 
exudate  was  removed  in  citrate,  centrifuged  to  remove  leukocytes,  then  more  rap- 
idly to  throw  down  the  cocci.  The  second  sediment  was  suspended  in  salt  solu- 
tion. A  brolh  culture  of  the  same  organism  was  centrifuged  and  the  sediment 
resuspended  in  salt  solution.  Two  rabbits  were  injected  into  the  ear  vein  and 
cultures  of  fifteen  drops  taken  from  the  opposite  ear.  It  is  difficult  to  coimt  ac- 
curately the  number  of  organisms  in  the  suspensions,  and  it  is  possible  that  the; 
doses  were  unequal.  Nevertheless,  the  prompt  removal  of  nearly  all  the  strep- 
tococci from  the  circulation  is  evident,  though  it  would  appear  that  the  culture 
organisms  were  removed  more  rapidly  than  those  from  the  mouse. 

Rabbit  1,  weight  1,010  gm.,  was  given  10  cc.  of  streptococcus  suspension  from 
a  mouse,  containing  64.(XX)  chains  per  cmm.  Cultures  at  5  minutes  showed 
2,000,000  colonies;  at  10  minutes,  1,300;  at  30  minutes,  900;  at  1  hour,  103; 
at  3  J  hours,  257. 

Rabbit  2,  weight  980  gm.,  was  given  10  cc.  of  streptococcus  suspension  from  a 
culture  containing  56,000  chains  per  cmm.  Cultures  at  5  minutes  showed 
1,000,000  colonies;  at  10  minutes,  400;  at  30  minutes,  60;  at  1  hour,  24;  at  3 J 
hours,  192. 

'Jhis  experiment  is  open  to  the  objection  that  the  resistance  ac- 
quired by  streptococci  growing  in  the  peritoneum  of  a  mouse  might 
not  be  the  same  in  degree  or  in  kind,  as  that  acquired  in  the  circula- 
tion of  the  rabbit.  It  is  technically  impossible  to  introduce  into  a 
rabbit's  circulation  bacteria  from  the  circulation  of  another  rabbit 
comparable  in  number  to  those  which  can  be  introduced  from  cul- 
tures. However,  the  following  experiment  seems  to  show  that  a 
change  in  the  streptococci  during  their  multiplication  in  the  animal 
is  not  the  factor  which  determines  their  persistence  in  the  circulation. 
A  rabbit  was  given  a  large  intravenous  injection  of  organisms  from 
cultures,  and  48  hours  later,  when  the  organisms  were  numerous  in 
the  blood,  and  the  animal  was  almost  moribund,  20  cc.  of  blood  were 
taken  from  the  heart,  under  ether,  into  a  cooled  paraffined  syringe 
and  immediately  injected  into  the  ear  vein  of  a  normal  rabbit.  The 
blood  used  for  injection  contained  6,600  organisms  per  cc.  Cultures 
taken  from  the  second  rabbit  gave  the  following  result: 

Experiment  4.— Cultures  taken  from  the  second  rabbit  showed  2,400  per  cc. 
1  minute  after  injection;  600  after  3  minutes;  sinking  gradually  to  108  at  2  hours; 
at  24  hours,  16  colonies;  and  at  48  hours,  0.    The  animal  survived. 
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This  seems  to  show  that  the  streptococci  which  one  finds  in  a  so 
called  septicemic  rabbit  have  not  acquired  resistance  sufficient  to 
maintain  them  in  the  circulation. 

In  regard  to  the  third  possibility,  a  number  of  our  earlier  observa- 
tions seemed  to  indicate  that  the  injection  of  the  bacteria,  acting  as  a 
foreign  protein,  excited  some  reaction  in  the  animal  which  caused 
their  removal.  On  several  occasions  when  a  septicemic  animal  was 
reinjected  with  the  same  organisms,  the  bacterial  count  1  or  2  hours 
after  injection  fell  to  a  point  distinctly  below  the  count  before  injec- 
tion. This  seemed  to  indicate  that,  following  the  second  dose,  the 
animal  got  rid  of  not  only  all  the  newly  introduced  organisms,  but 
also  some  of  those  previously  in  the  circulation.  Bull'  has  reported 
this  same  phenomenon  in  dogs  injected  with  pneumococcus. 

Experiment  5.  Reduction  in  Sepsis  Follonnng  Rcinjcction.  First  Injection.  3 
Cc.  Injected. — 3  cc.  of  streptococci  containing  55  million  per  cc.  injected.  After 
1  minute  culture  of  fifteen  drops  from  opposite  ear  showed  22,000  colonies;  fell 
to  95,  12,  2,  9,  and  3,  after  10  minutes,  30  minutes,  1  hour,  3i  hours,  and  4^ 
hours  after  injection  respectively. 

Second  Injection,  4  Hours,  20  Minutes  after  First  Injection.  3  Cc.  Injected. — 
Cultures  showed  23,000,  1  minute  after  injection;  8,  2,  and  936,  10  minutes,  43 
minutes,  and  18  hours  after  injection  respectively. 

Third  Injection,  IS  Hours,  20  Minutes  after  Second  Injection.  5  Cc.  Injected. — 
Cultures  showed  3,000  colonies  1  minute  after  injection;  38,  32,  52,  and  750,  10 
minutes,  45  minutes,  2|  hours,  and  6  hours  after  injection  respectively. 

It  will  be  noted  that  following  the  third  dose,  the  greater  number 
of  the  injected  organisms  was  removed  within  1  minute,  as  the  first 
culture  taken  contained  only  3,000  colonies  as  compared  with  22,000 
and  23,000  following  the  first  and  second  injections.  In  10  minutes 
after  the  third  injection  the  count  dropped  to  38  as  compared  with 
936  before  the  injection.  In  other  words,  not  only  did  the  organisms 
injected  disappear  from  the  blood  stream,  but  the  majority  of  those 
previously  present  in  the  circulation  also  disappeared,  and  it  was  not 
until  more  than  2f  hours  after  the  third  injection  that  the  sepsis 
again  approached  its  previous  intensity.  A  similar  result  was  ob- 
tained following  the  second  injection  of  Rabbit  4,  Table  I,  and 
following  the  third  injection  recorded  in  E.xperiment  2. 
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The  result  could  not  be  obtained  regularly  in  experiments  conducted 
in  a  similar  way,  but  occurred  with  sufficient  frequency  to  make 
necessary  further  investigation.  As  an  explanation  of  this  reac- 
tion there  occurred  to  us  the  possibility  that  the  injection  of  the  addi- 
tional number  of  streptococci  caused  a  mobilization  of  antibodies,  or, 
more  probably,  a  sudden  leukocytic  reaction  such  as  has  been  noted 
following  the  injection  of  specific  and  also  of  non-specific  proteins 
into  infected  animals. 

It  seemed  possible  that  in  cases  where  the  count  after  injection 
did  not  fall  below  that  before  injection  the  removal  of  the  organisms 
already  j>resent  in  the  blood  might  be  masked  by  the  large  additional 
number  injected.  If  the  removal  of  the  organisms  from  the  blood 
following  a  second  injection  was  due  to  a  reaction  by  the  body  to  the 
injected  streptococci,  acting  as  a  foreign  protein,  it  was  probable 
that  it  could  be  reproduced  by  the  injection  of  killed  streptococci, 
of  other  species  of  bacteria,  of  serum,  or  of  peptone.  Should  it  occur 
after  injections  of  such  non-specific  substances,  it  would  appear  more 
clearly,  as  the  picture  would  not  be  confused  by  the  growth  of  the 
newly  injected  organisms  in  cultures  taken  after  injection.  However, 
in  a  series  of  experiments  in  which  the  substances  mentioned  above 
were  injected  into  septicemic  rabbits,  no  consistent  eiifect  on  the 
number  of  organisms  in  the  circulation  could  be  observed. 

On  further  study  it  appeared  that  we  had  at  first  attached  too  great 
significance  to  these  apparent  remissions  in  the  sepsis  following  rein- 
jection.  It  will  be  noted  in  Experiment  2,  that  after  the  third  in- 
jection the  number  of  organisms  in  the  circulating  blood  varied  enor- 
mously within  a  few  hours.  These  variations  have  been  noted  so 
often  that  we  believe  the  possibility  of  their  being  due  to  technical 
error  can  be  ruled  out.  The  only  influences  brought  to  bear 
upon  the  animal  during  this  period  of  variation  were  the  withdrawal 
of  small  samples  of  blood  from  the  ear  and  placing  the  animal  head 
down  in  a  warmed  box  to  facihtate  bleeding.  We  have  carefully 
tested  the  effect  on  septicemic  animals  of  repeated  small  bleedings, 
of  maintenance  for  considerable  periods  in  a  vertical  position,  and  of 
maintenance  in  a  warm  chamber,  but  none  of  these  procedures  had 
any  constant  effect  on  the  course  of  the  sepsis.  As  our  observations 
accumulated,  these  variations  continued  to  appear  and  to  support 
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the  idea,  which  we  shall  refer  to  again,  that  streptococcus  rabbit  sep- 
sis is  not  a  condition  in  which  a  definite  number  of  organisms  is 
constantly  in  the  blood,  but  one  in  which  organisms  are  continually 
swept  into  the  circulation  from  heavily  infected  tissues. 

The  possibility  that  a  leukocytosis  was  responsible  for  the  removal 
of  the  organisms  from  the  blood  was  definitely  excluded  by  making 
blood  count:;.  The  effect  of  streptococcus  injections  on  the  leuko- 
cytes was  not  constant,  but  the  usual  reaction  was  an  immediate 
.leukopenia,  sometimes  rather  marked,  as  illustrated  by  Rabbit  3, 
Table  I.  Repeated  injections  as  a  rule  caused  a  still  further  fall  of 
leukocytes,  as  illustrated  by  Rabbit  4,  Table  I.  In  a  few  instances 
after  smaller  injections,  a  transitory  rise  in  the  blood  count,  as  illus- 
trated in  Rabbit  5,  Table  I,  was  observed,  but  this  was  exceptional 
and  could  not  account  for  the  removal  of  the  injected  bacteria  which 
was  invariable.  Whether  or  not  the  leukopenia  is  usually  followed 
by  a  leukocytosis  we  cannot  state.  In  several  animals  studied  we 
failed  to  observe  it.  We  did  not,  however,  make  frequent  counts 
for  more  than  6  hours  after  injection,  as  by  this  time  the  streptococci 
have  not  only  been  removed  from  the  circulation,  but,  as  will  be  seen 
later,  have  been  largely  killed,  and  a  leukocytosis  occurring  later 
could  have  no  bearing  on  the  phenomena  we  were  endeavoring  to 


TABLE    I. 
Rabbit  3.     Leukopenia  Following  First  Injection.     3  Cc.  oj Streptococcus  Suspension. 


Before  injection. 

1  min.  after.  .  . 
10 

^hr. 
2i  hrs. 

4 

1  day 

2  days 
3 
4 
5 
7 


102.8 
102.9 
103.0 
103.4 
105.4 
105.8 
105.0 
105.4 
103.6 
105.4 
104  5 
105.0 


9,000 
6,100 

5,800 
3,100 
2,600 
4,100 
6,100 
6,000 
9,400 
9,100 
15,000 


1,000 
27 
7 

4 

500 

43 

0 

0 

0 

1,170 
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TABLE  I — Concluded. 
Rabbit  4.  Progressive  Leukopenia  Following  Second  Injection. 


Before  injection 

1    min.  after  1st  injection 

10      "        "     1st         "      

30      "        "     1st         "      

1    hr.        "     1st         "      

2J  hrs.       "     1st         "      

4J     "        "     1st         "      

4      "   35  min.  Rcinjection. 

1    min.  after  2nd  injection 

10      "        "2nd  "       

30      "        "2nd  "       

1  hr.        "2nd         "      

2  hrs.      "2nd         "      

Found  dead  21  hours  after  1st  injection 


102.6 

105.1 
105.7 
104.2 
105.6 


105.6 
104.7 
103.6 


10,800 

6,500 
8,200 
6,200 
7,200 
5,200 


3,100 

2,800 

500 


Colonies 
per  cc. 


1,000,000 

1,820 
37 
35 

169 

900,000 

569 

48 

194 

214 


Rabbit  5.  Transitory  Leukocytosis  Following  Injection. 


Time. 

Temperature. 

White  blood 

Colonies, 
per  cc. 

'P. 

101.9 
103.8 
103.6 

6,800 

11,400 
7,600 
4,700 
3,500 

13,000 

30       "          " 

336 

2J  hrs.      "            .... 

34 

5      "        "    

315 

12      "        "    

600 

Found  dead  22  hours  after  injection. 


explain.  The  absence  of  a  general  leukocytosis  does  not,  of  course, 
exclude  the  possibility  that  in  the  visceral  capillaries  the  leukocytes 
take  part  in  the  destruction  of  the  invaders.  This  question  will  be 
taken  up  later. 

To  repeat,  the  injection  of  streptococci  is  not  immediately  followed 
by  a  leukocytosis  and  we  have  been  unable  by  the  injection  of  various 
non-specific  substances  to  excite  any  reaction  which  would  remove 
the  bacteria  from  the  circulation  of  a  septic  animal.  These  negative 
results  do  not  exclude  the  possibility  that  the  living  streptococcus 


J.  GARDNER  HOPKINS  AND  JULL\  T.  PARKER  9 

itself  can  cause  some  such  reaction.  However,  in  view  of  the  fact 
that  the  injection  of  additional  streptococci  does  not  regularly  cause 
a  reduction  in  the  sepsis,  and  also  of  the  fact  that  the  reductions  we 
have  observed  have  all  been  within  the  range  of  spontaneous  varia- 
tions in  such  infections,  we  believe  that  a  reaction  of  this  sort  can  be 
reasonably  excluded  as  an  explanation  for  the  primary  removal  of 
bacteria  from  the  blood  stream. 

The  fourth  possibility,  that  the  bacteria  found  in  the  blood  of  sep- 
ticemic rabbits  are  not  actively  persisting  in  the  circulation,  but  are 
merely  swept  into  the  circulation  from  infected  tissues  more  rapidly 
than  they  can  be  removed  seems  to  us  the  most  probable  explana- 
tion. This  hypothesis  has  been  commonly  adopted  for  infections 
such  as  subacute  bacterial  endocarditis  in  man,  where  the  septicemia 
is  intermittent.  While  at  first  sight  this  supposition  seems  unlikely 
in  the  case  of  a  continuous  sepsis,  the  fact  that  in  these  animals  the 
number  of  bacteria  in  the  muscles  and  other  organs  far  exceeds  those  in 
the  blood,  weight  for  weight,  would  at  least  explain  the  source  of  the 
constant  supply  of  bacteria.  We  shall  discuss  this  point  more  fully 
later.^ 

Mechanism  of  Removal. 

The  observations  mentioned  above  show  that  even  a  susceptible 
animal,  such  as  the  rabbit,  is  able  to  remove  from  its  circulation  al- 
most any  number  of  introduced  streptococci,  even  after  successive 
injections  and  until  a  lethal  condition  has  developed,  and  will  almost 
or  completely  free  its  circulation  from  the  organisms  within  a  few 
hours  unless  a  new  supply  is  reintroduced.  Concerning  the  mechan- 
ism of  this  removal  and  the  ultimate  fate  of  the  bacteria,  however, 
there  has  been  considerable  discussion. 

Three  factors  have  been  suggested  as  entering  into  this  removal  of 
bacteria:  agglutination,  phagocytosis  by  leukocytes,  and  phagocytosis 
by  fixed  cells.  We  have  looked  for  evidence,  such  as  that  reported 
by  Bull,  of  agglutination  in  rabbits  and  in  cats.  The  organisms  as 
injected,  even  though  previously  shaken  for  a  long  time  with  glass 
beads,  often  show  clumps  of  from  two  to  ten  chains.     Clumps  of  this 

'  We  are  indebted  to  Miss  B.  H.  Paige  for  assistance  in  the  blood  culture  studies. 
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size  have  naturally  been  found  in  the  blood  and  in  the  organs,  but 
seldom  have  they  exceeded  the  diameter  of  the  average  capillary.  We 
have  also  seen  groups  of  streptococci  of  about  the  size  and  contour 
of  a  leukocj'te  sometimes  entangled  with  leukocytic  remnants.  These 
we  have  interpreted  as  being  groups  of  organisms  which  had  been 
taken  up  by  leukocytes  which  have  subsequently  disintegrated. 
Aside  from  these  small  groups  of  cocci  which  do  not  resemble  in  the 
least  the  felt-like  masses  of  streptococci  which  have  agglutinated  in 
vitro  we  have  seen  neither  in  films  of  the  blood  nor  in  crushed  prepa- 
rations or  sections  of  the  organs  evidence  of  agglutination,  and  it 
seems  unlikely  that  it  plays  a  part  in  the  phenomenon  we  have  studied. 

In  regard  to  the  leukocytes,  these  cells  undoubtedly  take  up  injected  streptococci 
in  considerable  numbers,  and  with  great  rapidity,  as  can  be  seen  a  few  minutes 
after  injection  in  blood  films  or  in  sections,  and  it  has  been  frequentlj'  claimed  that 
these  cells  play  a  predominating  part  in  the  removal  of  microorganisms  from  the 
blood.  Wyssokowitsch,^  however,  found  the  bacteria  lying  apparently  in  endo- 
thelial cells,  and  recently  Kyes'  has  demonstrated  in  the  pigeon  the  taking  up  of 
pneumococci  by  the  Kupffer  cells  of  the  liver,  and  by  endothelium  in  other  organs 
of  the  body.  Manwaring  and  Coe*  have  analyzed  this  phenomenon  further  by 
carefully  washing  livers  free  from  blood  and  then  perfusing  the  organs  with  viru- 
lent pneumococci  and  other  organisms.  They  found  t  hat  whereas  virulent  pneumo- 
cocci treated  with  immune  serum  were  quantitatively  removed  by  the  blood-free 
liver,  these  organisms  when  suspended  in  Ringer's  solution  or  in  normal  serum  were 
not  removed  even  by  livers  of  immunized  animals,  or  were  taken  up  to  a  slight  ex- 
tent. This  they  attributed  to  the  action  of  traces  of  serum  which  had  not  been 
removed  from  the  organs,  and  they  speak  of  the  immune  substance  to  which 
this  is  due  as  "endothelial  opsonins." 

Bartlett  and  Ozaki,^  in  studies  on  dogs  injected  with  staphylococci,  noted  the 
primary  accumulation  in  the  lungs,  but  describe  the  leukocytes  as  taking  up  the 
majority  of  the  cocci. 

However,  the  original  observ-ations  of  Wyssokowitsch^  point  clearly  to  the 
importance  of  phagocytosis  by  endothelial  cells  in  the  removal  of  bacteria  from 
the  circulating  blood.  He  says:  The  defensive  power  of  the  body  lies  much  more 
in  the  structures  of  the  vessel  walls;  that  is,  in  the  endothelial  cells  of  the  blood 
vessels.  The  bacteria  which  reach  the  blood  stream  are  deposited  in  or  between 
the  endothelial  cells,  which  line  the  capillaries  most  numerously  in  organs  where 

*  Wyssokowitsch,  Z.  Hyg.,  1886,  i,  3. 

'  Kyes,  P.,  J.  Infect.  Dis.,  1916,  xviii,  277. 

«  Manwaring,  W.  H.,  and  Coe,  H.  C,  J.  Immunol.,  1916,  i,  401. 

'  Bartlett,  C.  J.,  and  Ozaki,  Y.,  J.  Med.  Research,  1916-17,  xxx,  465. 
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the  blood  stream  is  slowest.  It  is  here  that  the  battle  between  the  cells  and  bac- 
teria concerning  which  we  have  so  much  evidence  from  many  sides  takes  place. 
However,  we  still  have  no  decisive  knowledge  of  the  course  of  this  conflict,  nor  of 
the  means  of  attack  and  defense. 

In  sections  from  the  organs  of  recently  injected  animals  it  is  difii- 
cult  to  determine  how  the  streptococci  are  taken  up.  We  have 
studied  chiefly  the  lung,  as  this  is  the  organ  most  concerned  in  their 
removal.  In  lung  sections  of  animals  killed  10  to  30  minutes  after 
injection  it  is  clear  that  some  of  the  cocci  are  held  within  the  leukocytes 
in  the  capillaries.  It  is  equally  clear  that  the  majority  are  not  lo- 
cated within  leukocytes.  Many  of  them  lie  in  large  mononuclear 
cells  which  are  probably  the  swollen  endothelium  of  the  capillaries; 
others  lie  in  an  eosin-staining  matrix  which  may  represent  a  section 
through  endothelial  protoplasm,  or  possibly  some  substance  from  the 
blood  deposited  about  them. 

In  order  to  study  this  point  more  accurately,  we  have  etherized 
and  killed  cats  within  30  minutes  after  injection,  washed  the  lungs  as 
free  as  possible  by  perfusion  with  salt  solution,  and  then  fixed  them 
by  injecting  Helly's  fluid  under  moderate  pressure  in  order  to  keep 
the  capillaries  distended.  In  sections  fixed  in  this  way  the  strepto- 
cocci are  not  washed  from  the  capillaries;  even  leukocytes  are  still 
present  in  moderate  numbers.  Of  the  mechanism  by  which  the  cocci 
are  held,  however,  we  are  still  in  doubt,  though  many  appear  to  be  in 
endothelial  cells.'" 

Fate  of  the  Phagocyted  Cocci. 

More  important  for  the  understanding  of  the  resistance  to  strepto- 
coccic infection  than  the  mechanism  of  removal  of  the  organisms  from 
the  circulation  seems  to  be  the  means  by  which  they  are  ultimately 
destroyed. 

The  possibility  that  the  body  freed  itself  by  excreting  the  living 
bacteria  was  considered  by  Wyssokowitsch^  and  ruled  out  on  account 
of  the  small  number  which  he  could  recover  from  the  urine,  intestinal 
contents,  or  milk.  Our  own  observations  on  the  urine  and  bile  of 
infected  rabbits  made  clear  that  few  living  streptococci  were  passed 

'"  We  wish  to  acknowledge  our  indebtedness  to  Prof.  W.  G.  MacCaUum  for 
his  advice  and  cooperation  in  these  experiments. 
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out  in  these  secretions.  It  seemed  then  that  there  must  be  within  the 
body  some  mechanism  for  their  destruction.  In  the  rabbit  this  proc 
ess  is  obscured  by  the  fact  that  after  a  period  of  apparent  destruction 
the  bacteria  in  the  blood  stream  again  begin  to  multiply.  The  cat, 
however,  is  practically  insusceptible  to  artificial  streptococcus  infec- 
tion and  large  numbers  of  organisms  introduced  into  the  blood  are 
promptly  removed  as  in  the  rabbit  and  do  not  again  reappear,  or  at 
least  reappear  only  for  a  brief  period. 

It  has  been  seen  that  the  streptococci  which  disappear  from  the 
blood  are  taken  up  in  part  by  the  leukocytes  but  probably  more  ex- 
tensively by  the  endothelial  cells,  at  least  the  majority  are  held  in 
the  viscera  by  some  mechanism  other  than  ingestion  by  polynuclears. 
The  fate  of  the  organisms  taken  up  in  these  two  ways  was  studied, 
as  far  as  possible  separately. 

Bactericidal  Eject  of  Leukocytes. 

There  is  no  doubt,  as  stated  above,  that  a  considerable  number  of 
cocci  is  taken  up  by  the  leukocytes,  but  the  fate  of  the  organisms  so 
taken  up  is  by  no  means  clear.  Schattenfroh,"  Pettersson,'^  Kling," 
Zinsser,'^  and  others  have  shown  that  extracts  of  leukocytes  have  dis- 
tinct bactericidal  action  on  many  species  of  organisms,  although  Wata- 
biki'^  has  failed  to  demonstrate  this  action.  However,  when  whole 
h\ing  leukocytes  have  been  tested,  Pettersson,  Kling,  and  most 
others  who  have  investigated  their  action  have  failed  to  demonstrate 
bactericidal  effect. 

Our  results  have  not  been  entirely  clean-cut.  We  have  used  both 
whole  clotted  blood  and  cells  from  citrated  blood.  The  technique  for 
clotted  blood  was  as  follows:  An  animal  was  bled  shortly  after  injec- 
tion and  1  cc.  of  blood  was  immediately  measured  into  each  of  a 
series  of  test-tubes.  One  sample  was  emptied  into  a  mortar  as  soon 
as  clotted,  ground  with  sand,  and  poured  into  melted  agar.  The  test- 
tube  and  mortar  were  rinsed  with  saline  solution,  the  wash  was  added 

"  Schatlenfroh,  A.,  Arch.  Hyg.,  1897,  xxxi,  1. 

"^  Pettersson,  A.,  Z.  Immunilatsforsch.,  Orig.,  1910-11,  viii,  498. 

"  Kling,  C.  A.,  Z.  Immunilatsforsch.,  Orig.,  1910,  vii,  1. 

'■•  Zinsser,  H.,  J.  Med.  Research,  1910,  xxii,  397. 

'5  Watabiki,  T.,  /.  Infect.  Dis.,  1909,  vi,  319. 
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to  the  agar,  and  the  whole  plated.  Other  tubes  were  plated  in  this 
way  after  various  periods  of  incubation.  In  one  instance  there  ap- 
peared to  be  a  distinct  reduction  in  the  blood  of  a  normal  cat  (Table 
III).  In  normal  or  immune  rabbits  there  was  a  slight  reduction  or  a 
gradual  increase.  The  method  is  not  sufficiently  accurate  to  enable 
one  to  attach  significance  to  these  irregular  results.  It  is  impossible 
to  obtain  separate  colonies  from  all  the  streptococci  from  clotted 
blood,  as  is  shown  by  the  fact  that  the  count  from  blood  ground  im- 
mediately after  coagulation  is  much  lower  than  that  before  coagulation . 
On  account  of  the  unreliability  of  this  method  we  made  other  ex- 
periments in  which  the  animal  was  bled  into  citrate  solution,  and  the 
cells  were  thrown  down  in  the  centrifuge,  washed  once  in  saline  solu- 
tion, and  resuspended  in  serum  or  in  saline  solution.  They  were  then 
inoculated  with  a  small  amount  of  streptococcus  suspension  and  the 
measured  amount  was  plated  at  various  intervals.  The  result  of  an 
experiment  with  normal  cat  cells  and  serum  is  shown  in  Experiment  6. 

Experiment  6. — 0.1  cc.  of  1.25  cc.  of  cells  plus  1.25  cc.  of  serum  showed  550 
colonies  immediately,  520  after  1  hour,  and  609,  750,  and  2,700  after  2,  4,  and  8 
hours  respectively.  0.1  cc.  of  1.25  cc.  of  cells  plus  1.25  cc.  of  salt  solution  gave  500 
colonies  immediately;  400,  450,  600,  and  3,000  after  1,  2,  4,  and  8  hours  respec- 
tively. 0.1  cc.  of  2.5  cc.  of  serum  alone  gave  280  colonies  immediately;  300,  170, 
170,  and  3,000  after  1,  2,  4,  and  8  hours  respectively.  0.1  cc.  of  2.5  cc.  of  salt 
solution  alone  gave  42  colonies  immediately;  0,  0,  1,  and  0  colonies  after  1,  2,  4, 
and  8  hours  respectively. 

Control  tubes  of  blood  cells  in  serum  and  blood  cells  in  salt- solu- 
tion were  inoculated  with  a  large  number  of  streptococci  for  morpho- 
logical study.  Films  made  after  1  hour's  incubation  showed  exten- 
sive phagocytosis  both  in  serum  and  salt  solution,  but  more  marked 
in  the  serum  tubes. 

The  only  tube  in  which  there  was  a  distinct  destruction  of  the 
streptococci  was  in  the  salt  solution  control.  Other  e.xperiments  in 
which  normal  or  immune  rabbit  serum  and  cells  were  used  gave  simi- 
lar results.  In  the  tests  made  with  citrated  cells  we  never  observed 
a  reduction  in  the  count  comparable  to  the  isolated  result  with  clotted 
blood  recorded  in  Table  III.  We  are  uncertain  whether  or  not  the 
sUght  reduction  in  the  counts  from  the  serum  tube  in  the  experiment 
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above,  or  similar  reductions  in  tubes  of  serum  and  cells  in  other  ex- 
periments indicate  a  feeble  bactericidal  action  on  the  part  of  these 
elements.  It  seems  certain,  however,  that  if  it  exists  it  is  much  in- 
ferior to  the  destructive  power  of  the  lung  tissue  which  we  are  about 
to  discuss,  and  that  it  is  entirely  insufficient  to  account  for  the  exten- 
siv'e  destruction  of  the  injected  bacteria  which  takes  place.  It  seems 
unlikely  from  these  experiments  that  the  leukocytes  can  even  de- 
stroy the  small  shares  of  these  organisms  which  they  can  be  seen  to 
ingest. 

Bactericidal  Effect  of  the  Tissues. 

In  contrast  to  this  doubtful  evidence  that  the  leukocytes  or  serum 
can  take  part  in  the  destruction  of  invading  streptococci,  it  can  be 
clearly  shown  that  certain  tissues,  especially  the  lung,  are  possessed 
of  marked  bactericidal  power.  The  most  convincing  evidence  is  that 
obtained  from  cats  killed  at  various  intervals  after  injection. 

If  a  cat  is  killed  within  a  half  hour  after  receiving  streptococci  in- 
travenously, cultures  show  an  enormous  number  of  the  cocci  in  the 
lungs,  many  in  the  hver  and  spleen,  and  in  the  muscles,  blood,  and 
kidneys  a  few  or  none  at  all,  the  result  depending  on  the  number  in- 
jected (Tables  II  and  IV).  In  a  few  experiments  in  which  the  bone 
marrow  and  lymph  nodes  were  also  examined  these  tissues  contained 
far  less  than  the  spleen  but  rather  more  than  the  last  mentioned 
tissues. 

Cultures  from  a  cat  killed  several  hours  after  an  injection  show  a 
smaHcr  number  of  colonies  from  all  the  viscera,  but  perhaps  a  slightly 
increased  number  in  the  muscles.  The  decrease  is  most  marked  in  the 
lung,  but  is  also  pronounced  in  the  liver.  The  spleen  seems  to  rid 
itself  more  slowly  of  the  cocci.  If  the  dose  is  small,  all  the  tissues 
may  be  found  sterile  in  8  hours;  if  very  large,  positive  cultures  may 
be  obtained  for  more  than  24  hours.  In  the  cats  recorded  in  Table 
II  the  tissues  were  practically  sterile  in  24  hours.  The  most  interest- 
ing point  is  that  when  films  were  made  from  the  ground  lung  tissue 
at  a  stage  when  the  cultures  showed  a  greatly  diminished  number  of 
viable  bacteria,  or  none  at  all,  numerous  stainable  streptococci  were 
found.  They  were  found  up  to  the  5th  day,  which  is  as  far  as  our 
observations  have  extended.     In  comparing  Cats  1  and  4  it  is  seen 
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that,  whereas  in  5  days  the  viable  bacteria  had  dropped  from  300,000 
to  0  per  dg.,  the  number  of  organisms  seen  in  lilms  seemed  undimin- 
ished. This  seems  to  admit  of  but  one  interpretation;  namely,  that 
the  streptococci  have  been  taken  up  in  the  lungs  and  killed,  although 
they  remained  visible  for  a  considerable  period  of  time. 

Fate  of  Streptococci  in  Cat  Tissues. — Four  cats  were  injected  intra- 
venously with  40  milhon  streptococci  per  kilo  and  killed  at  the  inter- 
vals noted.  Pieces  of  the  organs  to  be  studied  were  placed  in  a 
sterile  test-tube,  weighed,  ground  in  a  sterile  mortar  with  sand,  and 
emulsified  in  salt  solution  added  in  the  proportion  of  1  cc.  to  0.1  gm. 
of  tissue.  Plates  were  made  in  sheep  blood  agar  of  amounts  of  organ 
emulsion  representing  from  0.1  to  0.0001  gm.  and  the  colonies 
counted  after  24  hours.  Films  were  made  from  the  ground  emulsion 
and  stained  by  Gram's  method.  As  previous  experiments  had  shown 
most  pronounced  effect  in  the  lung,  the  lung  cultures  were  made  in 
tluplicate  from  different  parts  of  the  organ. 


Colonies  per  0. 1  gn 
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after 

injection. 
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after 
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27 

26 


160,000 
80,000 

140,000 

44,000 
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About  12,000 
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800 

72 
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43 

3 

7 

20 

53 
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*  3,000  indicates  that  the  colonies  in  a  plate  from  0.1  gm.  were  too  numerous 
to  estimate  and  that  no  plates  were  made  from  smaller  amounts  of  tissue. 

It  seemed  important  to  attempt  to  demonstrate  this  bactericidal 
action  of  tissue,  which  is  so  pronounced  in  the  lung  in  vitro.     In  the 
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experiment  in  Table  II  pieces  of  the  organs  from  the  cat  killed  10 
minutes  after  injection  were  removed  and  distributed  in  sterile  test- 
tubes  which  were  placed  in  a  moist  chamber  at  37°C.  for  5  hours, 
in  order  to  compare  the  action  of  the  excised  tissue  with  that  of  the 
tissue  of  the  cat  which  had  been  allowed  to  live  for  the  same  period. 
At  the  end  of  this  time  the  pieces  were  weighed,  ground,  and  measured 
amounts  planted  as  shown  in  Table  11.  It  will  be  noted  that  in  the 
hving  animal  there  was  an  enormous  reduction  in  the  number  of  or- 
ganisms in  the  lung  and  liver  and  a  less  pronounced  reduction  in  the 
spleen,  bone  marrow,  and  blood.  The  reduction  in  the  last  may  well 
have  been  due  to  other  factors  than  the  bactericidal  effect  of  the  blood 
itself.  On  the  other  hand,  there  was  an  increase  in  the  number  of 
bacteria  in  the  muscles  during  this  period. 

If  these  findings  are  compared  with  the  fate  of  the  bacteria  in  Cat 
1  which  was  killed  10  minutes  after  injection,  it  will  be  noted  that  the 
lungs  showed  a  reduction  in  the  number  of  bacteria  which  was  dis- 
tinct though  scarcely  comparable  with  that  taking  place  in  the  living 


T.'iBLE    III. 

Bactericidal  Effect  of  Cat  Tissues. 

A  normal  cat  weighing  about  3  kilos  was  injected  with  2  cc.  of  a  streptococcus 
suspension  containing  30  million  per  cc.  In  10  minutes  it  was  bled  to  death  under 
ether  and  perfused  for  10  minutes  through  the  jugular  to  wash  the  blood  from  the 
lung.  Pieces  of  the  lung  were  placed  in  sterile  test-tubes,  and  the  animal  was 
then  perfused  10  minutes  through  the  pro.ximal  portion  of  the  carotid  to  remove 
the  blood  from  the  other  tissues.  Pieces  of  the  other  tissues  were  then  distrib- 
uted in  sterile  test-tubes.  They  were  incubated,  weighed,  ground,  and  plated 
as  in  the  preceding  experiment. 


Lung. . 

Spleen . 
Liver.. 
Kidney 
Psoas . . 
Blood.. 


Colonies  per  0.1  gm.  of  tissue. 
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0 
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8 
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4  hrs.' 
Qcubation. 


9,000 

2,000 

3,700 
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32 

0 
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2,400 

300,000 
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3,000 

54,000 

1,500 

12 
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animal,  whereas  in  the  spleen,  liver,  and  blood  the  organisms  multi- 
plied moderately,  and  in  the  kidney  and  muscle  tissues  multiplied 
with  great  speed.  Further  experiments  showed  that  the  destruction 
by  excised  tissue  took  place  only  during  the  first  2  or  3  hours  of  incu- 
bation, after  which,  owing  probably  to  death  of  the  cells,  they  again 
multiplied.     This  is  illustrated  in  Table  III. 

TABLE    IV. 

Bactericidal  Test  of  Cat  and  Rabbit  Tissues. 

A  normal  cat  weighing  4,000  gm.  was  injected  intravenously  with  4  cc.  of 
streptococcus  suspension  containing  400,000  per  cc.  (400,000  per  kilo).  It  was 
killed  with  gas  in  10  minutes,  and  the  specimen  removed  and  cultures  were 
made  as  before. 

A  rabbit  weighing  1,600  gm.  was  given  3.2  cc.  of  suspension  containing  200,000 
per  cc.  (400,000  per  kilo).  It  was  killed  in  10  minutes  and  cultures  were  made 
as  above. 
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This  experiment  seems  to  show  a  definite  decrease  in  the  number  of 
viable  bacteria  in  the  lung  tissue  when  incubated.  The  action  of  the 
tissue  was  evidently  much  impaired  by  its  removal  from  the  body 
and  after  a  few  hours  the  bacteria  multiphed  freely  in  the  dead  tissue. 
The  decrease  in  the  lung  is  more  striking  if  compared  with  the  prompt 
increase  in  the  spleen,  or,  in  experiments  with  rabbits,  in  the  muscles. 
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The  process  can  be  more  definitely  demonstrated  if  a  much  smaller 
injection  is  made;  in  fact  it  is  difficult  to  compare  the  organs  of  the 
same  animals  in  vitro,  as,  if  the  injection  is  small  enough  to  show 
clearly  the  effect  in  the  lung,  there  are  not  sufficient  bacteria  depos- 
ited in  the  other  organs  to  give  positive  cultures  from  amounts  which 
it  is  practicable  to  test. 

Table  IV  records  the  results  observed  in  a  cat  which  was  given  a 
much  smaller  injection,  so  that  the  blood  was  completely  sterilized  in 
10  minutes.  In  this  experiment  a  rabbit  was  injected  for  comparison 
with  a  proportional  dose  of  the  same  suspension.  The  difference  in 
the  distribution  of  the  organisms  and  the  effect  of  the  tissues  on  them 
will  be  referred  to  later. 

From  the  results  recorded  in  the  preceding  experiments  there  seemed 
little  doubt  as  to  the  killing  of  the  streptococci  in  the  lung.  However, 
on  account  of  the  large  differences  between  duplicate  samples  of  lung 
tissue,  during  the  later  stages  of  these  experiments  it  seemed  best  to 
repeat  the  experiment  in  quadruple.  The  results  are  recorded  in 
Experiment  7,  in  which  each  entry  represents  the  count  from  a  piece 
of  lung  weighed,  ground,  and  plated  separately. 

Experiment  7.  Bactericidal  Effect  of  Lung  Tissue  of  Cat. — A  normal  cat  was 
inoculated  with  12  cc.  of  a  streptococcus  suspension  containing  100  million  per 
cc.  The  animal  was  killed  with  gas  after  10  minutes.  The  autopsy  was  com- 
pleted and  first  plants  were  made  30  minutes  after  injection. 

0.1  gm.  of  lung  tissue  showed  550,  248,  200,  and  480  colonies  immediately;  34, 
40,  28,  and  60  colonies  after  2  hours;  and  120,  53,  25,  and  65  colonies  after  5  hours. 

0.1  gm.  of  spleen  tissue  showed  146  colonies  immediately;  194  after  2  hours;  and 
3,000  after  5  hours. 

The  reduction  in  the  number  of  colonies  obtained  from  the  lung 
after  incubation  was  so  constant  and  so  marked  that,  even  though  it 
varied  in  degree  in  different  pieces  of  the  same  lung,  it  seemed  cer- 
tain that  it  was  due  to  an  extensive  destruction  of  the  streptococci 
which  took  place  in  the  tissue  in  vitro.  The  question  at  once  arose 
as  to  what  element  of  the  tissue  was  responsible  for  this  destruction. 
The  uncertainty  as  to  the  location  of  the  cocci  in  the  lung  makes  this 
difficult  to  answer.  If,  as  appears  from  a  study  of  the  sections,  the 
majority  of  the  cocci  are  taken  up  by  endothelium,  it  is  most  likely 
that  these  are  the  cells  which  destroy  them.     That  the  bactericidal 
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power  lies  in  some  of  the  fixed  tissue  elements  and  not  in  the  blood 
appears  certain  from  the  following  considerations:  In  the  first  place, 
the  experiments  described  above  show  that  the  whole  blood,  the 
blood  cells,  and  the  blood  serum  are  incapable  of  destroying  any  con- 
siderable number  of  streptococci.  In  the  second  place,  the  tests 
recorded  in  Table  III  were  made  with  tissue  that  had  been  freed  as 
much  as  possible  from  blood  and  from  free  lying  cocci  by  perfusion 
before  the  pieces  were  excised  for  examination.  Moreover,  in  order 
to  rule  out  participation  of  the  elements  of  the  blood  in  the  taking 
up  and  destruction  of  the  streptococci  we  performed  the  following 
experiment : 

Experiment  8. — A  cat  was  first  perfused  for  from  2  to  3  hours  with  citrate  and 
Ringer's  solution,  and  then  perfused  with  a  very  dilute  streptococcus  suspen- 
sion (about  400  organisms  per  cc).  The  lung  was  again  perfused  with  sterile 
Ringer's  solution  until  the  content  of  the  outflow  was  reduced  to  35  per  cc.  Pieces 
of  lung  were  then  removed  and  treated  as  in  the  previous  experiments. 

Culture  from  0.1  gm.  of  perfused  lung  gave  250  and  170  colonies  immediately; 
42  and  3  after  2  hours;  16  and  0  after  4  hours;  0  colonies  after  7  and  24  hours. 

In  view  of  the  fact  previously  mentioned,  that  streptococci  quickly 
die  when  placed  in  a  dilute  suspension  in  salt  solution,  the  possibility 
must  be  admitted  that  in  this  instance  the  Ringer's  solution  took 
part  in  their  destruction.  However,  it  has  been  shown  that  the 
blood  has  no  marked  bactericidal  power,  but  that  the  lung  with  the 
blood  stiU  in  the  capillaries  (Experiment  7),'  the  lung  perfused 
with  Ringer's  solution  after  the  streptococci  had  been  taken  up 
(Table  III),  and  the  lung  perfused  before  the  streptococci  were  in- 
jected (Experiment  8),  all  show  a  marked  bactericidal  effect;  and 
the  conclusion  is  forced  upon  one  that  this  power  lies  in  the  lung  tissue 
itself. 

Incidentally  the  last  experiment  mentioned  raises  a  doubt  as  to  the 
importance  of  the  endothehal  opsonin  of  Manwaring  in  this  process, 
as  the  streptococci  were  taken  up  and  destroyed  by  a  lun^  which  had 
been  previously  perfused  for  over  2  hours  in  order  to  free  it  of  blood. 

In  fact  it  seems  doubtful  if  humoral  protective  substances  are  ac- 
tive here.  In  one  experiment  in  which  a  cat  that  had  received  strep- 
tococci sensitized  with  immune  rabbit  serum  was  tested  with  another 
which   was   given  unsensitized  bacteria   there  was   little  difference 
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between  the  two  animals;  in  fact  the  destruction  of  the  unsensitized 
cocci  was  the  more  marked.  Experiments  with  immune  rabbits, 
which  we  shall  refer  to  later,  indicate  that  immunization  may  influ- 
ence the  taking  up  of  the  cocci  by  the  tissues,  but  does  not  affect  the 
manner  or  extent  of  their  destruction. 

This  bactericidal  action  of  the  lung  tissue  which  can  be  demon- 
strated in  vitro  must  doubtless  be  due  to  some  enzyme  or  antibody- 
like substance  and  we  have  made  repeated  attempts  to  demonstrate 
some  such  destructive  action  in  extracts  of  fresh  lung  tissue.  Por- 
tions of  lung  of  freshly  killed  cats  were  removed  and  ground  with  sand, 
in  fresh  cat  serum,  and  separated  by  brief  centrifugation  into  an 
opalescent  supernatant  fluid  and  a  muddy  sediment.  Both  super- 
natant fluid  and  sediment  were  tested  by  inoculating  them  with  a 
small  amount  of  streptococcus  culture,  and  plating  measured  amounts 
after  various  periods  of  incubation.  Experiments  carried  out  in  this 
way  have  failed  to  show  any  definite  bactericidal  effect,  though  a 
slight  reduction  in  the  number  of  colonies  may  appear,  as  shown  in 
Experiment  9.  However,  a  control  tube  of  the  same  extract  previ- 
ously heated  at  56°C.  for  20  minutes  showed  almost  as  marked  a  drop. 

'  Experiment  9. — Lung  extract  unhealed  gave  900  colonies  immediately;  after  1, 
2,  4,  and  8  hours  it  gave  800,  600,  2,700  and  3,000  respectively. 

Lung  e.xtract  heated  gave  1,000  colonies  immediately;  after  1,  2,  4,  and  8  hours 
it  gave  1,200,  750,  2,000,  and  3,000  respectively. 

Ground  lung  tissue  gave  150  colonies  immediately;  after  1,  2,  4,  and  8  hours, 
450,  750,  1,200,  and  3,000  colonies  respectively. 

It  is  evident  then  that  streptococci  withdrawn  from  the  circulation 
of  normal  cats  by  the  lung  are  promptly  killed  in  the  living  animal 
and  that  pieces  of  excised  lung  carry  out  this  same  process  in  the 
test-tube.  The  bactericidal  power  seems  to  depend,  however,  on  the 
living  conditions  of  the  cells,  is  much  enfeebled  by  the  removal  of  the 
tissue  from  the  body,  and  is  not  exhibited  at  all  by  fresh  extracts  of 
the  tissue. 

With  regard  to  the  other  organs  there  seems  little  doubt  that  in 
the  living  animal  the  liver  destroys  many  of  the  organisms  taken  up, 
and  in  some  experiments.  Table  III,  for  example,  this  destruction 
apparently  took  place  in  vitro. 
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The  disappearance  from  the  blood  we  beUeve,  for  reasons  already 
given,  to  be  due  to  a  taking  up  and  destruction  of  the  bacteria  by  the 
viscera  and  not  to  any  bactericidal  power  in  the  blood  plasma  or 
cells.  The  spleen,  and  in  a  few  experiments  the  muscle,  kidney,  and 
bone  marrow,  have  failed  to  show  bactericidal  power  in  vitro  and  it 
is  impossible  to  determine  from  our  data  whether  the  disappearance 
of  the  streptococci  from  these  organs  in  the  living  animal  is  due  to  a 
destruction  in  vivo  or  to  their  being  carried  by  the  blood  to  the  lung 
or  liver  and  destroyed  there. 

Comparison  between  Susceptible  and  Resistant  Animals. 

Our  observations  on  cats  have  been  presented  in  detail  in  order  to 
make  clear  the  evidence  on  which  we  based  our  conclusions  as  to  the 
fate  of  the  injected  streptococci.  The  significance,  for  the  protec- 
tion of  the  animal,  of  this  mechanism  for  taking  up  and  destroying 
the  injected  cocci  becomes  more  apparent  if  we  compare  the  findings 
in  cats  which  are  resistant  to  the  infection  with  those  in  rabbits  which 
are  susceptible.     These  we  shall  present  briefly. 

The  ability  of  rabbits  to  free  their  circulation  temporarily  of  in- 
jected streptococci  has  already  been  discussed.  The  subsequent 
course  of  the  injection  is  illustrated  in  Table  V. 

The  first  difference  between  the  rabbits  and  the  cats  is  in  the  pri- 
mary distribution  of  the  invading  bacteria.  In  the  experiments  in 
Table  V  about  equal  amounts  were  deposited  in  the  lung,  liver,  and 
spleen,  and  in  other  experiments  the  number  taken  by  liver  and 
spleen  considerably  exceeded  that  taken  by  the  lung  (Table  VI), 
whereas  in  the  cats,  the  lungs  as  a  rule  take  up  several  times  as  many 
as  these  other  organs.  In  the  rabbits,  too,  a  detectable  number  was 
taken  up  by  the  muscles  and  many  by  the  bone  marrow. 

The  findings  in  the  lung  of  the  rabbit  killed  after  8  hours  are  similar 
to  the  condition  in  cats  killed  at  the  corresponding  period,  in  that 
the  culture  of  the  lung  showed  a  greatly  diminished  number  of  strep- 
tococci, although  they  were  still  found  without  difficulty  in  film  prep- 
arations. At  this  stage  the  liver  and  spleen  also  appear  to  have 
killed  most  of  the  organisms,  which  they  have  taken  up.  As  in  the 
cats,  a  feeble  bactericidal  action  by  lung  tissue  could  be  demonstrated 
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Fate  of  Streptococci  in  Rabbit  Tissues. 

Three  normal  rabbits  were  injected  with  a  suspension  of  streptococci,  the  doses 
being  about  160,000,000  per  kilo. 

Rabbit  6  was  killed  in  10  min. 

Rabbit  7  was  killed  after  8  hrs. 

Rabbit  8  was  found  moribund  on  the  4th  day  and  was  killed. 

Portions  of  the  organs  were  weighed,  groimd  with  sand,  and  plated  in  amounts 
representing  from  0.1  to  0.001  gm.  of  tissue.  The  results  are  recorded  as  the 
number  of  colonies  obtained  from  0.1  gm.  of  tissue. 


Rabbit  6  (10  min.) 


Colonies. 


Rabbit  7 
(8  hrs.) 


Rabbit  8 
(4  days) 


Colonies. 


Lung 

Spleen 

Liver 

Kidney 

Psoas 

Quadriceps 

Heart  muscle 

Konc  marrow 

.\.\illary  lymph  node..  . 
Mesenteric  lymph  node 
Blood  (1  cc.) 


+  + 


+ 
+  + 


54,000 
76,000 
34,000 
116,000 
0 
75 


220 
220 
230 
0 
0 
116 
750 


18,000 

19,000 

5,000 

44,000 

127,000 
98,000 
61,000 
80,000 
21,000 
59,000 

190,000 
6,600 


in  vitro,  whereas  streptococci  multiply  with  great  rapidity  in  spleen 
and  muscle  tissue  removed  from  the  body. 

As  far  as  one  can  determine  from  the  experiments  in  vitro  the  bac- 
tericidal power  of  lung  tissue  of  the  rabbit  is  distinctly  inferior  to 
that  of  the  cat,  as  is  shown  in  Table  IV,  where  the  tissues  of  the  two 
species  were  tested  after  the  animals  had  been  given  proportional  in- 
jections. In  other  cases,  however,  for  example  Table  VI,  rabbit  lung 
tissue  showed  distinct  bactericidal  power  in  vitro  and  the  observations 
on  Hving  animals  indicate  (Table  V)  that  the  organisms  taken 
up  by  a  rabbit's  lung  and  liver  are  largely  disposed  of.  The  more 
striking  difTerence  between  the  susceptible  and  insusceptible  animals 
is  that  in  the  rabbit  a  considerable  number  of  bacteria  lodged  in  the 
muscle  tissues  and  sometimes  in  the  kidneys,  and  that  these  multi- 
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plied  slowly  in  the  living  animal  and  with  remarkable  rapidity  in  the 
excised  tissue. 

Just  how  these  organisms  are  deposited  in  the  muscle  tissue  of  the 
rabbit  we  have  not  yet  determined,  and  in  fact  a  study  of  this  point 
is  difficult  because  the  number  primarily  taken  up  is  so  small  that  the 
bacteria  are  difficult  to  find  in  sections.  The  fact,  however,  that  in 
this  tissue  the  streptococci  are  removed  from  the  blood  stream  and 
nevertheless  proceed  to  grow,  whereas  in  the  lung  and  liver  they  are 


TABLE    VI. 

Bactericidal  Effect  of  Rabbit  Tissues. 

A  normal  rabbit  was  injected  under  ether  intravenously  with  a  small  dose  of 
streptococci  and  bled  to  death  in  10  minutes.  The  lungs  were  perfused  briefly 
with  Ringer's  solution  and  portions  placed  in  test-tubes.  The  other  organs  were 
then  perfused  and  specimens  similarly  taken.  Samples  of  blood  were  distributed 
in  1  cc.  amounts  and  allowed  to  clot.  Pieces  of  tissue  were  weighed,  ground,  and 
plated  at  intervals  as  in  previous  experiments. 


Colonies  per  0.1  gm.  of  tissue  tested. 


Plated  im- 
mediately. 


Lung. 

Spleen . 
Liver. . 
Kidney 
Psoas . . 
Blood.. 


8,800 

10,000 

75,000 

24,000 

140 

6 

180 


1,600 


800 

3,300 

60,000 

46,000 

200 

11 

100 


1,500 

3,200 

360,000 

100,000 

1,500 

110 

130 


32,000 

24,000 

300,000 

300.000 

3,000 

3,000 

750 


removed  from  the  blood  stream  and  killed,  forces  the  conclusion  that 
there  must  be  an  essential  difference  in  the  way  they  are  held  by 
the  muscle  tissues  to  account  for  their  unrestricted  multiplication. 

Our  observations  seem  to  indicate  that  the  susceptibility  of  the 
rabbit  to  the  infection  is  determined  not  by  the  inability  of  the  lung 
and  other  tissues  to  kill  the  streptococci  which  they  take  up  primarily, 
but  by  the  fact  that  a  considerable  number  of  the  organisms  lodge  in 
the  muscles  and  other  tissues  which  lack  this  bactericidal  power 
and  that  they  multiply  almost  from  the  first  in  these  tissues  where 
they  are  found  in  enormous  numbers  at  the  time  of  death.     The 
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great  number  found  at  the  time  of  death  in  the  lung  and  liver,  or- 
gans which  were  able  to  free  themselves  almost  entirely  of  living 
cocci  during  the  first  period  of  the  infection,  may  well  indicate  that 
toward  the  termination  of  the  infection  these  resistant  organs  are 
overwhelmed  with  bacteria  brought  to  them  from  the  muscles  where 
they  have  been  growing  without  hindrance. 

Wyssokowitsch*  considered  this  possibility.  He  said:'^  From  the  experi- 
ments so  far  performed,  one  cannot  determine  with  certainty  whether  also  in  this 
case  (a  susceptible  animal)  the  bacteria  taken  up  by  certain  organs  are  not  de- 
stroyed, and  whether  perhaps  only  in  certain  locations  the  bacteria  survive  and 
then  multiply.  One  might  suppose  that  the  body  is  gradually  overwhelmed  with 
newly  developed  bacteria  from  the  least  resistant  tissue. 

Fale  of  Slreplococci  in  Immune  Rabhils. 

The  next  point  which  we  desired  to  investigate  was  the  effect  of 
active  or  passive  immunization  on  the  rabbit's  ability  to  rid  itself  of 
the  invading  organisms.  Our  observations  on  this  point  are  incom- 
plete and  unsatisfactory,  chiefly  on  account  of  the  difficulty  in  pro- 
ducing in  rabbits  a  reliable  immunity  to  the  streptococcus.  We  have 
treated  rabbits  for  as  long  as  8  months  with  intravenous  injections  of 
killed  streptococci  and  found  that  when  they  were  injected  with  an 
amount  sufficient  to  kill  a  normal  animal  in  2  or  3  days,  they  usually 
succumbed.  Our  investigations  are  not  numerous  enough  to  lay 
down  general  rules  as  to  the  course  of  these  infections,  but  it  appears 
that  rabbits  so  immunized  live  somewhat  longer  than  normal  con- 
trols, and  that  after  12  to  24  hours  their  blood  stream  becomes  free  of 
streptococci.  Later  they  develop  a  local  infection,  frequently  in  the 
joints,  and  subsequently  succumb  to  septicemia. 

This  occurrence  of  local  infection  in  immunized  or  possibly  sensi- 
tized animals  opens  a  field  for  further  study.  It  would  seem  to  have 
a  direct  bearing  on  the  problem  of  local  infections  in  man.  The  ob- 
servations of  Wadsworth'^  on  pneumonia  in  rabbits,  and  of  Faber'* 
on  streptococcus  arthritis  at  once  come  to  mind  in  this  connection. 

"  Wyssokowiisch,'  p.  40. 

"  Wadsworth,  A.,  Am.  J.  Med.  Sc,  1904,  cxxvii,  851. 

'«  Faber,  H.  K.,  J.  Exp.  Med.,  1915,  xxii,  615. 
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An  experiment  in  which  the  reactions  of  an  immunized  and  of  a 
normal  rabbit  to  injections  of  streptococci  were  compared  is  recorded 
in  Table  VII. 

TABLE   VII. 

Comparison  between  Normal  and  Immunized  Rabbits. 

A  normal  rabbit  and  a  rabbit  which  had  been  treated  2  months  with  intravenous 
injections  of  killed  Streptococcus  43  were  injected  into  the  left  ventricle  with  8 
cc.  per  kilo  of  a  suspension  of  the  same  streptococcus  containing  20,000,000  per 
cc.  They  were  bled  to  death  under  ether  10  minutes  after  being  injected,  and 
the  organs  treated  as  in  previous  experiments.  ' 


Lung 


Spleen 

Liver 

Kidney 

Psoas 

Quadriceps 

Blood  (1  ccl  clotted). 


Colonies  per  0.1  gm.  of  tissue. 


170,000 

173,000 

4,000 

10,000 

0 

31 

130 

1,000 


119,000 

128,000 

138,000 

2,000,000 

0 

1,000 

1,200 

3,000 


Normal  rabbit. 


61,000 

21,000 

120,000 

104,000 

0 

1,500 

2,400 


1,800,000 

6,000,000 

0 

3,000 

3,000 


In  the  brief  period  of  observation  the  removal  of  the  cocci  from  the  circidation 
of  the  immunized  rabbit  was  no  more  complete,  in  fact  even  less  so  than  from 
that  of  the  normal.  Cultures  from  the  carotid  10  minutes  after  injection  showed 
35,000  in  the  immune  and  21,000  in  the  normal  animal. 


In  this  instance  the  lung  tissue  of  the  immune  rabbit  showed  a 
questionable  bactericidal  power,  but  at  least  there  was  inhibition  of 
growth  by  the  lung  as  compared  with  rapid  multiplication  of  the 
cocci  in  the  other  tissues.  Similar  results  have  sometimes  been  ob- 
tained with  normal  rabbit  tissues  (Table  IV).  The  only  marked 
difference  between  the  immune  and  the  normal  animal  is  in  the  prima- 
ry distribution  of  the  cocci.  It  will  be  noted  that  while  in  the  normal 
rabbit  (Tables  V  and  VI)  the  spleen  and  liver  take  up  nearly  as 
many  or  more  cocci  than  the  lung,  in  the  immunized  rabbit  the  lung 
has  seized  17  times  as  many  as  the  liver  and  40  times  as  many  as  the 
spleen.     In  other  words,  the  ratio  of  distribution  of  the  cocci  among 
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the  organs  of  the  immunized  rabbit  is  roughly  that  found  in  normal 
cats. 

On  account  of  unavoidable  interruption  of  our  work  we  have  been 
unable  to  extend  further  these  preliminary  observations  on  the  effect 
of  immunization. 

CONCLUSIONS. 

1.  Streptococci  injected  into  the  circulation  of  cats  are  quickly 
withdrawn  and  are  found  most  numerously  in  the  lung,  less  numer- 
ously in  the  liver  and  spleen,  and  in  small  numbers  in  the  bone  mar- 
row, IjTnph  nodes,  muscle,  and  kidney. 

2.  The  streptococci  taken  up  by  the  lung  are  killed  within  5  to 
8  hours,  although  they  remain  visible  in  films  for  a  number  of  days. 
In  the  liver  they  are  killed  less  rapidly,  and  in  the  spleen  a  few  may 
remain  viable  for  a  considerable  period. 

3.  This  bactericidal  action  may  be  demonstrated  in  pieces  of  ex- 
cised lung  but  not  in  lung  extracts,  and  is  apparently  dependent  on 
the  action  of  the  living  cell. 

4.  Streptococci  injected  into  a  susceptible  animal,  the  rabbit,  are 
also  promptly  removed  from  the  circulation,  but  are  distributed  in 
different  proportions,  the  liver  and  spleen  absorbing  almost  as  many 
as  the  lung,  and  the  muscles  also  taking  up  an  appreciable  number. 

5.  As  in  the  cat,  the  organisms  taken  up  by  the  lung  and  liver  of 
the  living  rabbit  are  promptly  killed.  Those  which  lodge  in  the 
muscles,  however,  multiply  rapidly. 

6.  About  the  time  that  the  streptococci  have  begun  to  develop  in 
the  muscles  (4  to  8  hours  after  injection)  the  number  in  the  blood 
stream  begins  to  increase. 

7.  The  increase  in  the  blood  stream  is  not  due  to  exhaustion  of  the 
mechanism  of  their  removal  nor  have  these  organisms  acquired  a  re- 
sistance sufficient  to  maintain  them  in  the  blood  stream  of  a  normal 
animal.  The  septicemia,  then,  is  probably  the  resu-lt  of  washing  out 
of  organisms  from  the  infected  tissues. 

8.  Attempts  to  immunize  rabbits  have  been  unsuccessful,  but  in 
certain  treated  animals  the  distribution  of  the  organisms  among 
the  various  organs  approached  that  found  in  insusceptible  animals; 
i.e.,  cats. 


COMMON  COLDS  AS  A  POSSIBLE  SOURCE  OF  CONTAGION 
FOR  LOBAR  PNEUMONIA. 

By  EUGENIA  VALENTINE. 

{From  the  Bureau  of  Laboratories  of  the  Department  of  Health  of  the  City  of  New 
York,  New  York.) 

(Received  for  publication,  September  8,  1917.) 

The  pneumococcus  has  been  assumed  to  be  one  of  the  causative 
agents  in  common  colds  because  of  its  known  pathogenic  character  and 
because  of  its  predominance  in  the  mucous  discharge  in  some  cases. 
As  far  as  we  know,  determination  of  the  types  of  pneumococcus  en- 
countered in  these  conditions  has  not  been  made  except  in  as  far  as 
the  Pneumococcus  miicostis  type  was  identified  on  cultural  grounds. 
For  this  reason,  a  series  of  common  colds  was  examined  to  determine 
the  types  of  pneumococci  present.  This  was  undertaken  not  so 
much  from  the  standpoint  of  determining  the  etiological  significance 
of  pneumococci  in  common  colds,  but  rather  to  determine  whether 
the  fixed  types,  occurred.  If  these  were  found,  common  colds  would 
then  have  to  be  considered  as  a  source  of  infection  in  the  spread  of 
lobar  pneumonia. 

By  injecting  the  nasal  secretion  or  sputum  into  mice,  pneumococci 
were  recovered  in  37  out  of  65  cases  of  common  colds.  By  direct 
plating  on  blood  agar,  pneumococci  were  found  in  6  additional  cases. 
Of  the  total  43  cases,  the  incidence  of  type  or  group  of  pneumococcus 
recovered  was  as  follows:  Group  I,  2  cases;  Group  II,  2  cases;  Group 
III,  4  cases;  Group  IV,  35  cases.  The  cases  from  which  Group  II 
was  isolated  and  one  of  the  Type  III  cases  had  been  in  contact  with 
pneumonia  and,  with  the  data  available,  it  is  impossible  to  decide 
whether  they  were  merely  contact  carriers  or  whether  the  cold  was 
an  actual  infection  by  pneumococci  due  to  contact  with  the  pneu- 
monia cases.  None  of  the  other  cases  from  which  fixed  types  were 
isolated  had  any  such  contact  as  far  as  could  be  determined. 

In  determining  the  type,  immune  horse  sera  were  employed.  Con- 
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siderablc  agglutination  was  encountered  with  either  or  both  of  the 
horse  sera  (Type  I  and  Type  II)  in  low  dilutions  with  the  strains 
finally  included  in  Group  IV.  In  the  cases  where  this  was  marked, 
further  agglutinations  were  done  with  rabbit  sera  which  did  not  give 
these  aberrant  reactions,  to  eliminate  the  possibility  that  some  of  the 
strains  belong  to  subgroups  of  the  fixed  types  as  described  by  Avery.' 
Table  I  gives  the  results  of  the  tests  and  shows  conclusively  that  the 
irregular  reactions  with  the  horse  sera  were  due  to  non-specific  agglu- 
tinins. Two  of  the  Group  IV  cultures,  C  3  and  C  5,  show  some  de- 
gree of  relation  in  their  cross  agglutination. 


Type  or 

Case  cultures. 

Rabbit  sera. 

02 

C  3 

C  5 

C  14 

Type  I 

Type  U 

IV 

C     1 

_ 



_ 

_ 

_ 

_ 

IV 

C    2 

400 

— 

— 

— 

_ 

_ 

IV 

C    3 

— 

400 

100 

— 

_ 

_ 

IV 

C    4 

— 

— 

— 

— 

— 

— 

IV 

C   5 

— 

100 

300 

— 

— 

— 

I 

C14 

— 

— 

— 

600 

800 

— 

I 

C20 

— 

— 

— 

600 

800 

— 

I 

Control  strain. 

— 

— 

— 

600 

800 

— 

II 

tt          it 

— 

— 

— 

— 

— 

400 

In  three  of  the  four  cases  yielding  Type  III,  mouse  inoculation  only 
was  done,  so  that  no  data  are  available  on  the  preponderance  of  this 
organism.  In  the  fourth,  direct  cultures  showed  the  presence  of 
about  75  per  cent  of  this  organism.  The  data  available,  therefore, 
except  in  one  instance,  are  merely  an  indication  that  the  catarrhal 
inflammation  was  due  to  this  type.  Pneumococcus  mticosus  has  been 
found  by  other  observers  in  the  secretions  of  the  respiratory  tract  in 
conditions  other  than  lobar  pneumonia,  as  well  as  in  otherwise  normal 
individuals.  All  these  individuals,  therefore,  must  be  looked  upon 
as  potential  sources  of  infection  for  others  or  as  sources  of  j)ossible 
autogenic  cases  of  lobar  pneumonia. 

The  recovery  of  pneumococci  of  Type  I  from  two  cases  of  common 
colds  raises   the  question  whether  these  persons   were    carriers  or 

i  Avery,  O.  T.,  J.  Exp.  Med.,  1915,  xxii,  804. 
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whether  the  inflammation  was  due  to  the  pneumococcus.  Both  cases 
were  markedly  prostrated  and  had  a  temperature  of  102°  F.  In  both 
cases  direct  plates  showed  that  the  Type  I  pneumococcus  constituted 
at  least  75  per  cent  of  the  organisms  developing  from  the  secretion, 
which  strongly  suggests  that  the  pneumococcus  was  the  etiological 
agent.  If  this  deduction  is  correct,  we  must  add  some  cases  of  com- 
mon cold  to  the  already  known  sources  of  contagion  for  lobar  pneu- 
monia; namely,  the  actual  case  of  pneumonia,  the  convalescent,  and 
the  contact  carrier  (Stillman-).  One  of  these  cases  was  reexamined  by 
mouse  inoculation  whenever  a  cold  recurred  over  a  period  of  over  2 
years.  The  first  reexamination,  done  a  year  later,  yielded  a  few  Type 
I  pneumococci,  most  of  the  organisms  in  the  mouse  peritoneal  cavity 
being  Pneumococcus  Type  IV  and  the  bacillus  of  Friedlander. 
This  shows  that  the  individual  was  still  a  carrier  of  Type  I,  the  small 
numbers  of  this  organism  recovered  indicating  that  it  was  not  of 
etiological  significance  in  this  cold.  Subsequent  examination  for  a 
period  of  a  year,  the  first  a  month  later,  jielded  only  Pneumococcus 
Type  IV. 


In  two  instances  of  common  colds,  with  no  known  contact  with 
cases  of  pneumonia,  Pneumococcus  Type  I  was  found  to  be  the  pre- 
dominating organism,  which  strongly  suggests  that  it  was  the  etiologi- 
cal agent  in  these  colds.  If  this  is  so,  common  colds  of  this  type  must 
be  looked  upon  as  a  possible  source  of  contagion  in  the  development 
of  lobar  pneumonia  due  to  the  Type  I  pneumococcus. 

'StiUman,  E.  G.,  J.  Exp.  Med.,  1916,  x.xiv,  651. 
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INTRODUCTION. 

Although  many  observations  have  been  made  on  mitochondria 
in  normal  tissues,  both  adult  and  embryonic,  the  study  of  these 
structures  in  pathological  material  has  been  relatively  limited  and 
the  results  in  some  cases  have  been  conflicting.  The  information 
regarding  this  ty^pe  of  cell  granule  has  been  summarized  by  Cowdry,^ 
but  in  \iew  of  the  fact  that  several  observers  have  recorded  changes 
in  mitochondria,  often  occurring  quite  early  in  certain  lesions,-"" 
it  seemed  possible  that  some  such  results  might  be  obtained  in  the 
case  of  pohomyeUtis,  which  would  throw  light  on  the  pathology  of 
that  condition. 

Spinal  ganglia  were  employed  for  the  study,  because  they  show 
tjpical  lesions  in  monkeys  djing  of  experimental  poHomyelitis,  and 
because,  of  the  structures  showing  these  lesions,  they  could  be  most 

'  Cowdry,  E.  V.,  Am.  J.  Anat.,  1916,  xix,  423. 
2  Barrett,  J.  O.,  Quart.  J.  Micr.  Sc,  1913,  Iviii,  214. 
'  Beckton,  H.,  Arch.  Middlesex  Hasp.,  1909,  xv,  182. 
■*  Beckton,  H.,  and  Russ,  S.,  Arch.  Middlesex  Hosp.,  1911,  xxiii,  59. 
5  Bensley,  R.  R.,  Tr.  Chicago  Path.  Soc,  1909-12,  viii,  78. 
^  Ciaccio,  C,  and  Scaglione,  S.,  Beitr.  path.  Anat.  u.  allg.  Path.,  1913,  Iv,  131. 
'  Goetsch,  E.,  Bull.  Johns  Hopkins  Hosp.,  1916,  xxvii,  29. 
'  Homans,  J.,  /.  Med.  Research,  1915-16,  xxxiii,  1. 
'  Regaud,  C,  and  Favre,  M.,  Cotiipl.  rend.  Soc.  bioL,  1911,  Ixviii,  658. 
'"  Regaud  and  Fa\Te,  Cotnpt.  rend.  Soc.  biol.,  1912,  Ixix,  328. 
»  Romes,  B.,  Anat.  Anz.,  1913-14,  xlv,  1. 
'2  Scott,  W.  J.  M.,  Am.  J.  Anat.,  1916,  xx,  237. 
"  Strongman,  B.  T.,  Anat.  Rec,  1917,  xii,  167. 
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successfully  obtained  and  fixed.     Cowdry'^  has  given  a  full  account 
of  the  mitochondria  occurring  in  normal  ganghon  cells  of  vertebrates. 

EXPERIMENTAL. 

In  a  few  instances  injection  fixation  was  employed.  Here  the 
method  described  by  Cowdry'  was  used  with  the  following  varia- 
tions. The  formalin  bichromate  mixture  was  more  successful  when 
used  in  half  rather  than  in  full  strength.  2  to  3  feet  of  gra\-ity  pres- 
sure of  injection  fluid  were  found  to  give  less  edema  and  distortion 
of  the  tissues  than  the  higher  pressure  (4  to  6  feet) ,  so  that  while  the 
saline  infusion  was  given  at  the  higher  pressure  for  the  first  5  to  10 
minutes  to  insure  complete  washing  out  of  clots,  the  lower  pressure 
was  maintained  throughout  the  remainder  of  the  period.  The  fem- 
oral vein  of  one  side  was  cut,  rather  than  the  vena  cava,  as  the 
latter  gave  too  rapid  an  outflow  of  fluid.  The  cardiac,  mesenteric, 
and  opposite  iliac  arteries  were  clamped.  The  injection  of  fixative 
was  continued  for  1  hour  and  the  best  results  were  obtained  when  the 
animal  was  kept  Ijing  on  the  board  back  down,  for  k  hour  longer 
before  autopsy.'^  Injection  was  less  successful  in  poliomyelitic 
monkeys  and  in  the  lumbar  region  of  operated  rabbits  than  in  nor- 
mal animals,  possibly  owing  to  vascular  lesions  in  the  former. 

The  ganglia,  however,  were  quite  as  well  fixed  by  simple  immersion 
in  fixing  fluid.  The  animals  were  usually  chloroformed  and  the 
ganglia  taken  at  once.  In  a  few  cases  the  animals  died  and  were 
autopsied  within  2  hours  of  death.  The  specimens  were  placed  in 
formalin  bichromate  mixture  (3  per  cent  potassium  bichromate  4 
parts,  neutral  formalin  1  part,  and  water  5  parts)  for  4  days  and 
then  transferred  to  half  strength  (1|  per  cent)  potassium  bichromate 
for  5  days.  This  procedure  was  found  to  give  better  results  than  the 
solution  ordinarily  used.  Full  strength  solutions  and  the  acetic- 
osmic-bichromate  mixture'^  (2.5  per  cent  bichromate  8  cc,  2  per 
cent  osmic  acid  2  cc,  and  glacial  acetic  acid  1  drop)  in  full  strength 
or  diluted  to  half  strength  were  apt  to  give  good  fixation  only  in  the 

'*  Cowdry,  Am.  J.  Anal.,  1914-15,  xvii,  1. 

"  Schirokogoroff,  J.  J.,  Anat.  Anz..  1913,  xliii,  522. 

"Benslcv,  Am.  J.  Anal..  1911-12,  xii,  297. 
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case  of  superficial  cells.  The  osmic  acid  mixture  also  darkened  the 
whole  section  to  such  an  extent  that  it  dimmed  the  contrast  between 
mitochondria  and  small  Nissl  bodies. 

At  first  the  use  of  chloroform  in  embedding  was  tried,  but  in  many 
cases  the  mitochondria  disappeared  under  this  treatment.  In  one 
case  the  tissue  was  first  embedded  by  the  xylol  method  and  sec- 
tions were  cut,  then  reembedded  by  the  chloroform  method.''  The 
former  sections  showed  mitochondria,  but  none  was  present  in 
the  latter.  This  may  have  been  due  to  rehandhng,  however.  Em- 
bedding was  done  as  described  by  Cowdry,'^  except  that  absolute 
alcohol-xylol  for  1  hour,  xylol  1  hour,  paraffin  3  hours,  was  found  to 
be  sufficient  and  less  Uable  to  destroy  the  mitochondria.  Both  the 
acid  fuchsin-methyl  green,  and  the  iron-alum-hematoxyhn  (Regaud 
and  Favre^)  methods  were  used  for  staining. 

Rabbits. — In  order  to  compare  cell  changes  in  another  form  of 
paralysis  a  series  of  rabbits  was  used,  in  some  of  which  ischennic 
paralysis  of  the  hind  legs  was  produced  by  the  Stenson  operation 
(Fredericq,''*  Ehrlichand  Brieger").  The  animals  were  etherized.  An 
area  about  3  inches  wide,  extending  from  ensiform  process  to  symphy- 
sis pubis,  was  shaved  and  cleaned  with  alcohol.  Aseptic  technique 
was  employed.  An  incision  was  made  in  the  midline,  and  the  intes- 
tines were  covered  with  cloths  wet  with  warm  saline.  The  abdom- 
inal aorta  was  exposed  and  a  soft  bulldog  clamp  placed  on  it  about 
^  inch  below  the  renal  arteries,  the  effectiveness  of  the  clamp  being 
tested  by  palpation  of  the  vessel  below  it.  The  intestines  were  re- 
placed and  the  animal  was  kept  under  Ught  ether  anesthesia,  the 
clamp  being  left  in  place  for  2  or  f  hour.  The  longer  period  was 
found  to  give  certain  results  while  the  former  failed  in  some  cases 
to  give  paralysis.  Care  was  taken  to  keep  the  animal  warm  during 
this  period.  At  the  end  of  the  period  the  clamp  was  removed,  the 
abdominal  wall  sewed  with  silk,  and  the  animal  allowed  to  recover. 

In  almost  every  instance,  flaccid  paralysis  of  the  hind  legs  was 
evident  as  soon  as  the  animal  recovered  from  the  ether.    In  two  rabbits 

"  Mallory,  F.  B.,  and  Wright,  J.  H.,  Pathological  technique,  Philadelphia 
and  London,  6th  edition,  1915,  284. 

'8  Fredericq,  L.,  Arch.  bioL,  1890,  x,  131. 

"  Ehrlich  and  Brieger,  Z.  klin.  Med.,  1884,  vii,  Supplement,  155. 
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in  which  the  shorter  compressions  were  used,  the  hind  legs  were  spastic, 
with  con\TiIsive  twitchings,  which  gradually  disappeared,  the  animal 
recovering  the  full  use  of  the  legs. 

The  animals  were  chloroformed  at  various  periods  after  the  liga- 
tion and  fixed  by  the  injection  method.  The  lumbar  region  of  the 
cord  did  not  always  take  the  fixative  so  well  as  did  the  cervical  region, 
or  the  lumbar  region  of  normal  animals,  and  in  those  animals  killed 
12  or  more  hours  after  the  clamping,  the  cords  remained  extremely 
soft,  and  were  uncolored  by  the  chromate  and  very  difficult  to  handle. 

Material. — A  series  of  ganglia  was  obtained  from  fourteen  monkeys 
with  experimental  poliomyelitis.'"  Six  were  either  in  the  preparalytic 
stage,  without  definite  lesions  in  the  ganglia,  though  ha\ing  shown 
such  s>Tnptoms  as  irritabihty,  etc.,  or  if  they  showed  paralysis,  the 
particular  ganglia  used  failed  to  show  typical  lesions.  The  remaining 
ten,  taken  from  the  1st  to  the  7th  day  after  the  onset  of  paralysis  of 
some  muscle  group  had  been  noted,  all  showed  typical  lesions  of  the 
cord  and  ganglia,  including  those  used  for  mitochondria,  as  shown  by 
examination  in  gross  or  of  sections  stained  by  hematoxylin  and  eosin. 

Five  monkeys  were  used  as  controls.  Two  of  these  showed  lesions 
of  tuberculosis  at  autopsy.  One  was  an  apparently  normal  monkey 
which  died  while  being  etherized,  and  the  viscera  showed  no  gross 
abnormaUties.  The  other  two  monkeys  had  received  poliomyeUtis 
virus  intranasally  but  showed  no  symptoms  either  during  life  or  post 
mortem. 

Results. — The  ganglia  from  the  five  control  monkeys  and  those 
from  the  six  poliomyelitic  monkeys  presenting  no  lesions  in  the  ganglia 
used  showed  mitochondria  similar  to  those  described  by  Cowdry  in 
the  normal  animal.  Great  variations  were  found  in  the  number  of 
mitochondria  and  the  intensity  with  which  they  took  the  stain,  and 
several  showed  many  cells  in  the  chromatophilic  state.^'  In  one, 
considerable  postmortem  degeneration  had  occurred."  One  showed 
a  large  amount  of  typical  hpoid.  All,  however,  were  cells  similar 
to  those  described  by  Cowdry  as  normal  cells.     This  was  true  also 

2"  Flexner,  S.,  and  Lewis,  P.  A.,  J.  Exp.  Med.,  1910,  .xii,  227. 
^'  Cowdry,  Contributions  to  embryology,  Carnegie  Instilution  of  Washington, 
Publication  No.  224,  1916,  Contribution  No.  xi. 

^^  Ciaccio,  Cenlr.  allg.  Path.  it.  path.  Anat.,  1913,  xxiv,  721. 
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of  the  ganglion  cells  from  the  normal  rabbits  and  those  from  the  cer- 
\-ical  region  of  the  operated  rabbits.  In  these  rabbit  sections,  no 
chromatophil  cells  were  found. 

In  the  tissues  from  the  poliomyelitic  animals  also,  many  cells  were 
normal  in  appearance.  In  many,  moreover,  the  mitochondria  ap- 
peared to  be  even  more  clearly  shown  than  in  normal  cells.  This 
appearance  may  have  been  due  to  disappearance  of  Nissl  substance, 
which  was  reduced  in  these  cells.  In  normal  cells  it  was  often  hard 
to  diSerentiate  between  mitochondria  and  small  Nissl  bodies  as  the 
granules  were  of  nearly  the  same  size  and  in  some  preparations  tended 
to  take  the  fuchsin  stain.  Many  cells  contained  much  particulate 
Upoid  and  many  were  in  the  chromatophihc  state,  but  in  these  par- 
ticulars they  did  not  seem  to  exceed  normal  Umits. 

In  the  cells  which  showed  marked  neurophagocytosis,  mitochon- 
dria-Uke  threads  could  often  be  seen,  even  though  only  a  small  rem- 
nant of  protoplasm  remained.  They  appeared  as  minute  reddish 
threads  or  dots,  or  larger  masses,  even  to  fairly  large  rods,  lying  in  the 
usual  bluish  background  and  in  spaces  between  the  invading  cells. 
They  did  not  have  the  globular  shape  characteristic  of  lipoid,  and 
they  seemed  to  have  some  of  the  chemical  reactions  of  the  mito- 
chondria, for  they  were  not  found  in  slides  in  which  the  mitochondria 
had  been  lost  through  poor  iLxation.  In  cells  in  which  the  destruction 
had  been  less  complete,  typical  mitochondria  were  found  to  persist 
in  an  apparently  normal  ratio  to  cell  substance. 

A  similar,  though  less  marked  persistence  of  mitochondria  was  also 
noted  in  the  lumbar  ganglia  of  the  rabbits.  1  hour  after  the  produc- 
tion of  the  anemia,  a  few  darkly  staining  cells  were  found,  showing 
a  few  reddish  threads  against  a  dark  purplish  background.  At  7 
hours  almost  all  the  cells  had  this  chromatophihc  tendency,  a  few 
still  showing  the  reddish  threads,  but  in  the  majority  there  was  only 
a  shrunken,  irregularly  stained  protoplasm.  At  12  hours,  the 
position  of  a  few  remaining  cells  was  indicated  by  dark,  indefinite 
spots. 

DISCUSSION. 

If  these  red-staining  threads  occurring  in  the  invaded  cells  in 
poliomyeUtis  are  mitochondria,  the  mitochondria  in  this  condition 
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at  least  outlast  any  other  cell  structure  now  recognized.  This  is 
remarkable  in  view  of  their  usual  tendency  to  disappear  under  slight 
changes,  such  as  acidity  or  temperature.  Since  the  stain  is  not 
absolutely  specific,  and  we  lack  means  at  the  present  time  of  dif- 
ferentiating mitochondria  with  certainty  from  other  lipoidal  struct- 
ures, it  may  be  that  these  threads,  or  rods,  are  merely  part  of 
a  coagulum  of  some  different  nature.  Yet,  since  typical  mitochondria 
persist  after  the  disappearance  of  topical  Nissl  substance,  and  various 
gradations  can  be  traced  up  to  the  stage  of  almost  total  replacement 
of  the  original  ganglion  cell,  it  would  seem  safe  to  call  these  mito- 
chondria under  the  present  use  of  the  term. 

It  would  be  desirable  to  have  some  mean?  of  quantitative  estima- 
tion of  the  mitochondria  for  these  purposes,  but  the  one  so  far  de- 
scribed (Thurlow")  does  not  prove  applicable  to  the  rod-like  forms. 

CONCLUSION. 

Typical  mitochondria  can  be  found  in  the  spinal  ganglion  cells  of 
monkeys  with  experimental  poliomyelitis,  even  when  typical  Nissl 
substance  has  disappeared,  and  mitochondria-like  structures  are 
found  in  the  remaining  protoplasm  in  the  latest  stage  of  neuro- 
phagocytosis. 

■•' Thurlow,  M.,  Contributions  to  embryology,  Carnegie  Institution  oj  Wash- 
ton,  Publication  No.  226,  1917,  Contribution  No.  xvi. 
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Plates  1  and  2. 

(Received  for  publication,  August  4,  1917.) 

The  theory  of  the  power  of  selective  action  on  the  part  of  bac- 
teria, with  regard  to  the  tissues  in  which  they  may  locaHze,  is  by  no 
means  a  new  one.  We  have  icnown  for  many  years  that  the  menin- 
gococcus has  a  predilection  for  the  meninges,  Bacillus  diphtheria  for 
the  mucous  membrane  of  the  throat,  Bacillus  typhosus  for  lymphoid 
tissue,  the  pneumococcus  for  the  lungs,  and  Bacillus  pertussis  for  the 
tracheal  mucous  membrane.  But  that  different  strains  of  the  same 
organism  should  possess  distinct  localizing  power  and  should  vary 
consistently  in  their  selective  action  is  not  generally  accepted. 

Since  Rosenow  (1)  put  forward  this  theory  in  1915,  there  has  been  a  great  deal 
of  discussion  on  the  subject  and  widely  divergent  views  have  been  expressed. 
This  observer  claims  that  streptococci,  in  particular,  possess  the  power  of  elective 
localization  and  has  attempted  to  substantiate  his  statements  by  animal  experi- 
ments on  a  large  scale.  He  maintains  that  (1)  streptococci  isolated  from  gastric 
ulcer,  appendicitis,  cholecystitis,  endocarditis,  myositis,  and  neuritis  when  in- 
jected into  animals  tend  to  produce  lesions  similar  both  in  location  and  in  kind  to 
those  from  which  they  were  originally  obtained;  (2)  this  power  of  selective  action 
is  lost  sooner  or  later  upon  subculture  of  the  organism  on  artificial  media.  It  was 
with  a  view  to  determine  just  how  far  these  observations  could  be  confirmed  that 
the  present  work  was  undertaken. 

In  1914  Rosenow  published  his  newer  methods  of  investigating  the  bacteriology 
of  various  diseases  (2),  giving  his  technique  for  obtaining  cultures  from  diseased 
tissues  and  from  foci  of  infection.  In  1915  his  paper  (1)  appeared  demonstrating 
the  streptococcus  as  an  etiologic  factor  in  nine  diseases,  showing  that  the  organ- 
ism could  be  obtained  in  pure  cidture  from  the  lesions  and  from  foci  of  infection 
in  patients,  that  when  these  organisms  were  injected  into  animals  they  localized 
and  produced  a  higher  percentage  of  lesions  in  the  organs  corresponding  to  those 
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afiFected  in  the  patients  than  in  those  not  so  affected,  and  that  this  power  is  lost  in 
a  short  time  when  the  organism  is  grown  on  artificial  media.  The  site  of  locali- 
zation is  shown  to  be  changed  by  animal  passages  and  this  he  associates  with  a 
corresponding  increase  of  virulence.  Since  then  he  and  his  colleagues  have  claimed 
an  elective  affinity  of  streptococci  for  the  ovaries  (3)  in  ovaritis,  for  the  ganglia 
and  posterior  roots  in  herpes  zoster  (4),  for  the  nerve  trunk,  muscles,  and  perios- 
teum in  facial  neuralgia  due  to  an  alveolar  abscess  (S),  for  the  gall  bladder  in 
cholecystitis  (6,  7),  and  in  an  extensive  review  of  gastric  and  duodenal  ulcer  (8) 
he  has  concluded  that  streptococci  from  gastric  ulcers  and  from  foci  of  infection  in 
these  cases  have  a  selective  affinity  for  the  gastric  mucosa,  while  streptococci 
from  duodenal  ulcers  produce  in  rabbits  ulcers  in  the  duodenimi  more  frequently 
than  in- the  stomach. 

Oftedal  (9)  found  evidence  of  elective  localization  of  streptococci  isolated  from 
the  sputum  of  patients  wuth  bronchial  asthma,  in  the  bronchi  and  lungs  of  rab- 
bits. Irons,  Brown,  and  Nadler  (10)  stated  that  a  streptococcus  isolated  from 
the  tear  sac  of  a  patient  suffering  from  iridocyclitis  produced  iridocyclitis  in  rab- 
bits. On  the  other  hand,  Henrici  (11)  found  that  rheumatic  lesions  in  rabbits  are 
produced  in  equal  proportions  by  both  hemohtic  and  non-hemolytic  streptococci, 
and  he  does  not  recognize  any  class  of  streptococcus  as  specific  for  rheumatic  fever. 
He  also  found  after  using  fifty-three  strains  that  carbohj'drate  fermentation  tests 
are  of  no  significance  from  the  standpoint  of  tissue  localization.  ISIoody  (12) 
found  that  streptococci  from  chronic  alveolar  abscesses  in  patients  with  arthritis 
produce  in  rabbits  most  lesions  in  the  joints,  and  that  streptococci  from  the  same 
sources  in  patients  who  have  lesions  other  than  arthritis  and  in  patients  who  have 
no  other  ailment,  produce  most  lesions  in  the  stomach.  Celler  and  Thalhimer 
(13)  state  that  intravenous  inoculation  of  streptococci,  isolated  from  cases  of 
gastric  ulcer,  yielded  gastric  lesions  in  13.3  per  cent. 

EXPERIMENTAL. 

In  the  work  here  reported  strains  of  Streptococcus  viridans  only 
were  used.  The  plan  followed  was  to  use  each  culture  of  streptococ- 
cus immediately  upon  isolation.  The  reason  for  this,  of  course,  is 
that  it  is  claimed  (1)  that  strains  of  streptococci  lose  their  special 
localizing  power  if  subcultured.  In  some  instances  the  strains  were 
used  as  isolated  and  again  after  several  subcultures  had  been  made. 
It  frequently  happens,  however,  that  it  is  impossible  for  some  reason 
to  try  out  a  strain  at  once,  but  in  these  cases  the  fact  is  indicated  in 
the  reports.  The  number  of  rabbits  used  for  the  first  inoculation 
was  usually  three,  but  this  also  was  not  strictly  adhered  to  because 
of  circumstances  which  we  could  not  control.  The  organisms  were 
obtained   from  many  different  sources  and  from  patients  suffering 
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from  a  diversity  of  ailments,  in  an  endeavor  to  make  the  series  as 
comprehensive  as  possible. 

Technique. 

The  strains  of  streptococci  employed  in  these  experiments  were  ob- 
tained by  recognized  methods  of  bacteriological  procedure.  In  cases  of 
endocarditis  the  technique  of  blood  culture  was  that  described  in 
1916  (14),  while  in  the  instances  in  which  the  aflected  valves  were 
cultured,  the  tissues  were  treated  after  the  rhanner  described  by 
Rosenow  (2).  This  was  also  carried  out  in  culturing  appendices, 
gall  bladders,  and  other  tissues.  Cultures  from  the  tonsils  were  ob- 
tained by  expressing  the  cheesy  material  and  other  debris  from  the 
tonsillar  crypts  after  swabbing  the  surface  with  sterile  gauze.  Ex- 
tirpated tonsils  were  washed  in  sterile  saline  solution,  then  carefully 
opened,  and  material  from  the  depths  was  cultured. 

Abscesses  at  the  apices  of  teeth  were  cultured  in  the  dentist's  of- 
fice or  at  the  dental  clinic  at  the  hospital.  After  swabbing  the  area 
of  operation  with  2  per  cent  iodine,  the  tooth  was  extracted  with 
great  care  to  prevent  contamination,  and  cultures  were  taken  from 
the  apex.  Sometimes  the  tooth  was  broken  open  and  cultures  of 
Streptococcus  viridans  were  obtained  from  the  pulp.  The  technique 
in  connection  with  cases  of  pyorrhea  alveolaris  was  simple  and  ef- 
fective. Preparation  of  the  area  was  carried  out  as  described  and  a 
fine  capillary  pipette  with  bulb  attached  inserted  between  the  tooth 
and  the  gum.  The  point  can  usually  be  thrust  to  quite  a  depth  and 
the  bulb  is  never  released  until  the  point  is  at  the  bottom  of  the 
pocket.  In  these  cases  Streptococcus  viridans  in  pure  culture  results 
in  nearly  every  instance. 

Rabbits  about  8  to  12  weeks  old  were  used,  and  were  inoculated 
intravenously,  in  the  marginal  ear  vein.  The  preparation  of  the  cul- 
tures for  inoculation  is  described  in  a  previous  communication  (14). 
The  doses  were  large  but  not  sufficient  to  cause  immediate  or  very 
early  death,  except  in  a  few  instances.  The  average  time  elapsing 
between  the  date  of  inoculation  and  that  of  postmortem  examination 
was  3  to  4  days.  Postmortem  examination  was  performed  upon 
the  animals  immediately  following  their  death.  Many  were  chloro- 
formed and  examined  48  and  72  hours  after  inoculation.     Sections  of 
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all  the  important  organs  were  cut  and   suitably  stained   and  these 
aided  materially  in  the  search  for  lesions. 

It  is  convenient  to  divide  the  results  into  four  parts  according  to 
the  origin  of  the  organism  studied. 

TABLE   I. 
Organisms  Obtained  from  the  Appendix. 


Brain 

Meninges. . . . 
Spinal  cord .  . 
Myocardium . 
Endocardium 
Pericardium. 

Lung 

Pleura 

Diaphragm.  . 

Thymus 

Stomach.  .  .  . 
Duodenum.  . 
Gall  bladder. 

Liver 

Intestine.  .  . . 
Appendix. . . . 

Kidney 

Spleen 

Muscles 

Joints 

Periosteum.  . 

Skin 

Peritoneum . . 
Aorta 


Lesions  with 

direct  cultures; 

4  strains  and  14 

animals. 


Lesions  with  1st, 
2nd,  and  3rd 
subcultures;  7 
strains  and  12 


Lesions  with 
older  subcul- 
tures; 2  strains 
and  6  animals. 


Lesions  with 

nimal  passage 

strains;  2  strains 

and  7  animals. 


Orj^anisms  Isolated  from  Infected  Appendices. — These  organisms 
were  obtained  from  the  serosa  or  the  wall  of  the  appendix,  the  adja- 
cent IjTnph  glands,  and  two  or  three  strains  from  the  lumen  or  from 
pus  in  a  localized  appendical  abscess  were  used  after  it  had  been 
shown  that  they  did  not  ferment  mannite. 
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Organisms  Isolated  from  the  Gall  Bladder. — We  laid  little  emphasis 
on  whether  the  organism  was  obtained  from  the  contents,  the  mucosa, 
or  from  the  wall,  beHe\ing  that  when  a  streptococcus  is  obtained  in 
pure  culture  from  any  of  these  sites  and  no  other  organism  is  found, 
that  it  is  the  cause  of  the  lesion  and  is  useful  for  experimental  work. 

TABLE    II. 
Organisms  Obtained  from  the  Gall  Bladder. 


Lesions  with  direct 

cultures;  4  strains  an( 

13  animals. 


Lesions  with  animal 

passage  strains;  2 
strains  and  3  animals. 


Brain 

Meninges. . . . 
Spinal  cord.  . 
Myocardium. 
Endocardium 
Pericardium. 

Lung 

Pleura 

Diaphragm.  . 

Thymus 

Stomach.  .  .  . 
Duodenum.  . 
Gall  bladder. 

Liver 

Intestine.  .  . . 
.\ppendlx. . . . 

Kidney 

Spleen 

Muscles 

Joints 

Periosteum.  . 

Skin 

Peritoneum . . 
Aorta 


Organisms  Isolated  from  the  Tonsils. — In  these  cases  the  tonsils 
selected  were  those  clinically  known  to  be  diseased  and  regarded  as  a 
probable  focus  of  infection  in  patients  suffering  from  various  ailments. 
We  avoided  mouth  contamination  by  culturing  after  removal  and 
used  only  pure  cultures  of  streptococci  obtained  from  the  deep  ton- 
sillar tissue. 
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Organisms  from  Blind  Apical  Abscesses  and  Pyorrheal  Pockets. — 
As  in  the  case  of  infected  tonsils,  the  cases  selected  were  believed  to 
have  foci  of  infection  in  these  areas  and  only  pure  cultures  of  strep- 
tococci were  used. 


TABLE  in. 
Organisms  Obtained  from  the  Tonsil. 


Organ. 


Brain 

Meninges... . 
Spinal  cord.  . 
Myocardium. 
Endocardium 
Pericardium. 

Lung 

Pleura 

Diaphragm.  . 

ThjTnus 

Stomach.  .  .  . 
Duodenum.  . 
Gall  bladder. 

Liver 

Intestine.  .  .  . 

Appendix 

Kidney 

-Spleen 

Muscles 

Joints 

Periosteum. . 

Skin 

Peritoneum. . 
Aorta 


Lesions  with 
direct  cultures; 

3  strains 
and  9  animals. 


Lesions  with 
1st,  2nd.  and  3rd 

subcultures; 

3  strains  and  2 

animals. 


Lesions  with 
animal  passage 
strains;  2  strains 
and  3  animals- 


Allowance  was  also  made  for  the  age  of  the  strain  used,  and  again 
four  classes  were  made:  (1)  direct  culture;  (2)  organisms  of  first, 
second,  or  third  subcultures;  (3)  organisms  older  than  the  third  sub- 
culture; (4)  organisms  after  animal  passage. 

Appendix  {Table  I). — Strains  used  12.     Animals  used  39. 
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It  will  be  noted  that  the  largest  percentage  of  lesions  is  found  in 
the  myocardium.  Next  come  joints  and  endocardium.  No  lesions 
are  found  in  the  gall  bladder  or  the  intestine.  When  the  strain  is 
young  the  lesions  in  the  appendix  are  as  frequent  as  in  the  endocar- 
dium and  more  frequent  in  the  stomach  than  in  the  appendix.     Later 

TABLE   IV. 
Organisms  Obtained  from  Tooth  Abscesses  and  Pyorrhea. 


Organ. 

Lesions  with  direct 

cultures;  6  strains  and 

13  animals. 

Lesions  wi 
and  Jrd  su 
strains  and 

th  l5t.2nd, 
^cultures:  3 
7   animals. 

No. 

Per  cent. 

No. 

Per  cent. 

6 

7 

1 
2 

2 

4 
2 

5 
5 

2 

1 

46 

54 

8 
15 
15 

31 
15 
38 
38 

15 

8 

1 

5 
4 

1 

1 

3 

1 
2 

1 

14 

71 

57 

14 

Pleura 

14 

GaU  bladder 

43 

14 

Kidney 

29 

Joints 

14 

none  are  found  in  the  stomach  or  appendix,  while  there  are  more 
in  the  endocardium. 

Gall  Bladder  {Table  II). — Strains  used  4.     Animals  used  16. 

Here  joints  are  first,  followed  by  myocardium  and  by  endocardium 
and  stomach,  with  an  equal  percentage  of  lesions  in  each  of  the 
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two  latter.     Aiter  animal  passage  no  lesions  are  produced  in  the  gall  . 
bladder,  but  are  observed  in  the  muscles  and  joints. 

Tonsils  (Table  III). — Strains  used  5.     Animals  used  14. 

Although  the  lesions  in  the  heart  are  most  frequent,  there  is  a 
wider  variation  of  organs  showing  a  high  percentage  of  lesions  than 
is  found  in  strains  from  gall  bladder  or  appendix. 

Tooth  Abscesses  and  Pyorrhea  (Table  IV). — Strains  used  9.  Animals 
used  20. 

Again  although  the  largest  percentage  of  lesions  is  in  the  heart, 
there  is  a  wide  variation  of  organs  attacked. 

Taking  our  results  in  toto,  regardless  of  the  origin  or  age  of  the 
strain,  we  find  most  lesions  in  the  myocardium,  followed  closely  by 
the  endocardiimi  and  joints. 

DISCUSSION. 

The  lesions  which  we  observed  were  both  gross  and  microscopic; 
ulceration  of  the  stomach,  vegetations  on  the  endocardium,  turbid 
fluid  in  the  joints,  and  hemorrhage  on  the  mucous  and  serous  surfaces 
being  typical  of  the  former,  while  the  latter  may  conveniently  be 
discussed  under  three  types. 

Hemorrhage. — Besides  those  observed  in  the  gross  and  verified  by 
microscopic  examination,  we  frequently  found  areas  of  hemorrhage, 
not  visible  to  the  naked  eye,  which  were  quite  extensive  microscopi- 
cally and  which  showed  no  leukocytic  reaction  around  the  margin  of 
the  hemorrhage.  The  agency  by  which  this  lesion  is  brought  about 
is  in  all  probability  a  minute  bacterial  embolus  which  lodges  in  the 
vessel,  invading  and  weakening  the  wall  and  thus  leading  to  rupture. 
Although  there  may  be  no  reaction  around  the  margin  of  the  hemor- 
rhage we  have  seen  it  around  these  vessels. 

Bacterial  Emboli. — Frequently  in  examining  sections  of  tissue  in- 
volved, one  encounters  a  picture  with  the  following  characteristics: 
Small  masses  of  bacteria,  bacterial  emboli,  are  seen,  which  may  be 
distinctly  in  a  small  vessel  or  which  may  have  no  apparent  relation 
to  one.  Sometimes  the  embolus  forms  the  nucleus  of  a  microscopic 
abscess  and  again  there  is  no  apparent  cellular  reaction.  It  is  pos- 
sible that  these  are  different  pictures  of  one  process  and  that  distal 
to  the  vessel  blocked  by  an  embolus  and  surrounded  by  leukocytes 
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there  may  be  an  area  of  hemorrhage.  Serial  sections  would  be  neces- 
sary to  decide  this  question  (Figs.  1  and  2). 

Areas  of  Leukocytic  Infiltration. — This  is  perhaps  the  most  common 
tj-pe  of  lesion  and  occurs  in  all  organs  (Fig.  3).  The  cells  are  mostly 
hmphocytes  with  usually  a  few  polymorphonuclears  scattered 
throughout.  Such  areas  occur  around  blood  vessels  which  are  ap- 
parently normal,  around  masses  of  bacteria,  and  sometimes  without 
apparent  relation  to  either  but  in  relation  to  an  area  of  necrosis 
or  degeneration  of  parenchymal  cells  (Fig.  4). 

Although  our  results  on  the  whole  do  not  favor  the  idea  of  elective 
localization,  a  few  individual  strains  produced  some  evidence  which 
is  worth  recording. 

Strain  A  16.153  was  a  Streptococcus  viridans  obtained  from  an  appendix  ab- 
scess. The  second  subculture  was  injected  into  Rabbit  1,  which  soon  afterwards 
commenced  to  be  restless  and  irritable.  In  30  hours  the  rabbit  had  convulsions 
which  were  repeated  at  intervals  for  the  next  10  hours,  when  it  died.  The  au- 
topsy showed  hemorrhages  in  the  cortex  of  the  brain. 

Rabbit  2  had  a  similar  injection,  showed  the  same  early  restlessness,  had  con- 
vulsions in  30  hours,  died  in  36  hours,  and  had  fine  hemorrhages  in  the  cortex  of 
the  brain. 

Rabbit  3  was  injected  with  the  streptococcus  recovered  at  autopsy  from  the 
heart's  blood  of  Rabbit  2.  At  precisely  the  same  hour  as  before  the  rabbit  had 
convulsions  followed  by  paraplegia.  The  patellar  reflexes  were  increased.  In 
36  hours  it  was  chloroformed  and  autopsy  revealed  a  diffuse  hemorrhage  covering 
two  segments  in  the  lower  dorsal  region  of  the  cord. 

Rabbit  4  was  injected  with  the  original  strain  after  3  weeks  of  laboratory 
subculturing.  On  the  7th  day  it  was  found  to  have  paraplegia  and  was  chloro- 
formed. The  autopsy  showed  a  diffuse  hemorrhage  with  softening  in  the  sacral 
enlargement  of  the  cord. 

After  further  subculture  for  10  days  the  strain  produced  lesions  in 
the  heart  and  joints  only,  and,  after  five  animal  passages,  failed  to 
regain  its  virulence  for  the  nervous  system.  Why  a  streptococcus 
causing  appendicitis  in  a  patient  should  in  this  one  instance  so  per- 
sistently attack  the  nervous  system  we  are  unable  to  explain. 

Strain  D.  C.  3,  a  Streptococcus  viridans  from  an  alveolar  abscess, 
produced  focal  glomerular  nephritis  in  each  of  three  rabbits.  Many 
of  the  glomeruli  contained  masses  of  bacteria  with  surrounding  de- 
generation and  leukocyte  infiltration.  Other  similar  instances  occur 
in  our  records. 
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Such  evidence  as  this  seems  to  us  to  support  the  idea  that  there 
may  be  a  tendency  for  a  strain  of  streptococcus  to  localize  in  a  cer- 
tain tissue  peculiar  for  that  strain  but  without  relation  to  its  origin. 

CONCLUSIONS. 

The  results  of  our  experiments  do  not  substantiate  in  full  the 
theory  of  the  power  of  selective  action  of  Streptococcus  viridafis. 

A  few  strains  showed  a  remarkable  constancy  in  location  and  type 
of  lesion,  but  these  strains  were  greatly  in  the  minority. 

The  location  of  the  lesions  in  animals  seemed  to  bear  no  relation 
to  the  origin  of  the  organism  or  to  the  lesions  produced  by  it  in  the 
patient  from  which  the  strain  was  obtained. 

Streptococcus  viridans,  regardless  of  site  of  origin  in  the  patient, 
produced  most  lesions  in  the  heart  and  joints. 
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EXPLANATION  OF  PLATES. 

Plate  1. 

Fig.  1.     Heart  muscle;  vessels  plugged  with  bacteria.     Perivascular  infiltration. 
Fig.  2.     Glomerulus  nearly  filled  with  bacterial  growth. 

Plate  2. 

Fig.  3.     Periportal  round  celled  infiltration. 

Fig.  4.     Cortex  of  brain.    Note  the  perivascular  round  celled  infiltration  and 
degeneration,  also  meningeal  involvement. 
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Fig.    1. 


Fig.   2. 

(Detweiler  and  Waitland:  Localization  of  Streplufoaui  viridans.) 
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Fig.  4. 

(Detweiler  and  Maitland:  Localization  of  Slreploci 


MORPHINE  HYPERGLYCEMIA   IN  DOGS  WITH  EXPERI- 
MENTAL PANCREATIC  DEFICIENCY. 
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(From  the  Department  of  Physiology  and  Pharmacology  of  The  Rockefeller  Institute 
for  Medical  Research.) 

(Received  for  publication,  October  11,  1917.) 

In  a  recent  investigation'  we  found  that  after  largely  abolishing 
the  function  of  the  living  pancreas  in  dogs,  without  resecting  this  gland, 
there  was  usually  no  marked  hyperglycemia  or  glycosuria.  Occa- 
sionally, however,  there  occurred  rises  in  the  glycemia  of  some  of 
these  animals  which  were  greater  than  those  generally  observed  in 
the  normal  dogs.  As  these  animals  had  less  than  5  per  cent  of  un- 
killed  pancreatic  tissue  remaining  and  were  entirely  without  any  ex- 
ternal pancreatic  secretion,  we  looked  upon  this  occasional  hyper- 
glycemia as  a  sign  of  weakness  in  the  carbohydrate  metabolism.  The 
idea  then  suggested  itself  that  any  factor  causing  a  hyperglycemia 
would  probably  call  forth  a  greater  response  in  animals  with  a  pan- 
creatic deficiencj'  than  in  normal  indi\dduals.  This  conception  was 
readily  put  to  an  experimental  test,  and  we  may  state  that  our  expec- 
tations were  fulfilled. 

Method. 

Dogs  only  were  employed,  and  a  pancreatic  deficiency  was  produced  in 
four  ways.  In  the  first  method  the  pancreas  was  largely  coagulated  by  inject- 
ing alcohol-acetic  acid  into  the  main  excretory  duct,  the  accessory  duct 'being 
clamped  or  ligated.  In  successful  e.xperiments  less  than  5  per  cent  of  the  pan- 
creas remains  uncoagulated.  In  the  second  group  of  dogs,  the  entire  pancreas 
was  resected,  but  the  uncinate  process  with  its  blood  supply  intact  was  trans- 
planted to  the  subcutaneous  tissue  in  a  one  stage  operation.  It  should  be  noted 
that  both  classes  of  dogs  were  deprived  of  their  pancreatic  digestive  juices.  In 
another  tj-pe  the  pancreas  was  largely  resected,  but  approximately one-sLxth  of 
the  gland  about  the  excretory  ducts  was  allowed  to  remain.    Such  an  animal 
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therefore  is  not  deprived  entirely  of  its  pancreatic  digestive  juices.  In  the  fourth 
class  the  uncinate  process  and  tail  of  the  pancreas  were  merely  ligated,  leaving 
about  one-third  of  the  structure  in  connection  with  the  excretory  ducts.  All 
operations  were  performed  under  full  ether  anesthesia. 

The  method  for  causing  h>'perglycemia  gave  some  trouble,  for  we  desired  a 
procedure  which  would  not  subject  the  animals  to  an  undue  strain,  as  our  first 
study  on  the  effects  of  coagtilation  of  the  pancreas  in  situ  was  not  completed  and 
we  were  using  the  same  animals.  The  method  therefore  should  be  as  harmless 
as  possible,  and  in  addition  should  not  entail  the  use  of  glucose  or  other  sugars  in 
any  way.     These  demands  were  satisfied  by  injecting  morphine  subcutaneously. 

The  dose  of  morphine  sulfate  was  small,  usually  2  mg.  per  kilo  of  body  weight, 
and  the  site  of  injection  was  the  subcutaneous  tissue  of  the  chest. 

.All  the  dogs  with  an  experimental  pancreatic  deficiency  had  been  operated  1 
to  4  months  before  the  morphine  test. 

As  controls  we  used  apparently  normal  dogs,  or  dogs  which  had  been  fasted 
for  either  8  or  22  days. 

All  the  dogs,  except  those  fasting,  were  fed  once  daily  a  diet  composed  of  about 
100  gm.  of  cooked  meat  scraps,  and  400  to  500 gm.  of  bread-meat  broth  mixed  with 
ground  bone. 

The  samples  of  blood  were  invariably  drawn  from  an  external  jugular  vein  into 
a  syringe  containing  a  small  amount  of  sodium  oxalate.  In  general,  four 
samples  of  2.5  cc.  of  blood  were  drawn  from  each  dog:  a  normal  sample,  and 
then  three  more  at  hourly  intervals  calculated  from  the  time  of  the  morphine 
injection. 

After  obtaining  the  blood  sample,  the  glycemia  was  determined  by  the  Lewis- 
Benedict  method  as  modified  by  Myers  and  BaUey." 


Four  dogs,  all  females,  were  used  in  the  first  series  of  experiments. 
Two  of  them,  Dogs  AK5  and  AK32,  were  theoretically  in  the  pre- 
diabetic  stage,  as  at  least  95  per  cent  of  the  pancreas  had  been  de- 
stroyed in  each  by  coagulation  4  months  and  1§  months  ago  re- 
spectively. Neither  showed  a  glycosuria.  The  glj'cemia  in  Dog  AK5 
had  ranged  between  0.10  and  0.15  per  cent;  in  Dog  AK32  between 
0.09  and  0.19  per  cent,  the  latter  figure  being  reached  only  twice  be- 
fore the  morphine  experiment  was  made.  The  two  remaining  dogs 
were  normal  animals  and  served  as  controls.  All  four  dogs  received 
2  mg.  of  morphine  sulfate  per  kilo  subcutaneously  in  the  chest. 
They  had  been  fed  4  hours  before. 

'  Myers,  V.  C,  and  Bailey,  C.  \'.,  J.  Biol.  C/iem.,  1916,  xxiv,  147. 
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The  changes  in  the  glycemia  are  striking  and  are  brought  out  by 
the  curves  of  Text-fig.  1.  It  will  be  seen  that  the  two  controls  showed 
but  a  slight  increase  in  the  glycemia  during  the  3  hours  following 
the  morphine  injection,  the  maximum  level  reached  being  0.15  per 
cent,  an  increase  of  only  0.04  per  cent  over  the  normal. 

In  the  dogs  with  pancreatic  deficiency,  however,  there  was  a  tre- 
mendous rise  in  the  blood  sugar  after  the  morphine.  With  Dog  AK5 
the  blood  sugar  rose  from  0.13  to  0.28  per  cent  after  2  hours;  in  Dog 
AK32,  from  0.19  to  0.32  per  cent  in  the  same  length  of  time.  In 
these  animals,  therefore,  the  same  dose  of  morphine  caused  a  rise 
of  0.15  and  0.13  per  cent  respectively  in  the  blood  sugar,  increases 
which  are  three  to  four  times  greater  than  those  observed  in  the 
controls. 

In  the  second  series  of  experiments  two  dogs  with  pancreatic  de- 
ficiency and  two  controls  were  employed.  One  of  the  prediabetic 
dogs  was  again  Dog  AK5;  the  second  one  was  Dog  AK37  whose  pan- 
creas with  exception  of  the  uncinate  process  had  been  resected  1 
month  previously,  the  uncinate  portion  with  intact  blood  supply 
being  transplanted  to  the  abdominal  subcutaneous  tissue.  The  lat- 
ter dog  had  no  glycosuria  beyond  an  occasional  faint  trace,  and  the 
blood  sugar  had  ranged  between  0.09  and  0.15  per  cent.  The  controls 
were  normal  animals  which  had  been  fasted  for  8  days.  The  predia- 
betic dogs,  Nos.  AK5  and  AK37,  were  not  fed  on  the  day  of  the 
morphine  experiment.  The  two  controls  and  the  dog  with  the  sub- 
cutaneous pancreatic  graft  (Dog  AK37)  received  2  mg.  of  morphine 
sulfate  per  kilo  subcutaneously;  Dog  AK5,  however,  was  only  given 
1  mg.  per  kilo. 

The  results  are  clearly  shown  in  Text-fig.  2.  Here  again  we  ob- 
serve a  striking  quantitative  difference  in  the  glycemia  of  the  two 
groups.  The  control  dogs,  starting  from  the  0.09  to  0.10  per  cent 
level,  show  merely  a  rise  of  0.05  per  cent  within  2  hours  after  the  mor- 
phine. The  prediabetic  dogs,  on  the  other  hand,  though  beginning 
practically  with  the  same  glycemia  as  the  controls,  develop  within  2 
hours  after  the  morphine  a  hyperglycemia  of  0.21  per  cent  in  Dog 
AKS  and  0.30  per  cent  in  Dog  AK37,  levels  which  represent  rises  of 
0.10  and  0.19  percent  in  the  blood  sugar  respectively.  It  must  also 
be  remembered  that  one  prediabetic  dog.  No.  AK5,  received  only 
half  the  amount  of  morphine  per  kilo  which  was  given  to  the  controls. 
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Text-Fig.  1.   Influence  of  coagulation  of  the  pancreas  on  morphine  glycemia. 
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Text-Fig.  2.  Influence  of  two  tj-pes  of  pancreatic  deficiency  on  morphine  glyceniia. 
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In  a  third  group  the  elTect  of  2  mp;.  of  morphine  per  kilo  showed 
the  same  general  difTerence  described  before,  and  is  graphically  shown 
in  Text-fig.  3.  The  pancreatic  deficiency  in  Dog  AK23  was  caused  2 
months  previously  by  coagulating  most  of  the  pancreas  in  situ  with 
alcohol-acetic  acid.  The  glycemia  of  this  dog  since  operation  had 
ranged  between  0.120  and  0.20  per  cent,  the  latter  figure  being  reached 
only  occasionally.  There  was  no  glycosuria  except  an  occasional 
faint  trace.  This  dog  was  not  fed  on  the  day  of  the  experiment,  but 
through  an  oversight  the  control,  Dog  C5,  was  fed  2  hours  before. 
The  latter  dog  vomited  a  large  amount  of  food  within  a  few  minutes 
after  the  morj)hine  was  given. 

From  the  curves  of  Text-fig.  3  it  will  be  seen  that  the  control's 
blood  sugar  rose  from  0.136  to  0.161  per  cent  within  2  hours  after  the 
morphine  administration,  an  increase  of  0.025  per  cent.  The  other 
dog,  however,  with  deficient  pancreas  showed  a  glycemia  which  rose 
from  0.20  to  0.306  per  cent  within  2  hours  after  the  morphine,  a  rise 
of  0.10  per  cent,  or  four  times  more  than  the  control. 

In  a  fourth  series  we  studied  the  effect  of  morphine  wiien  admin- 
istered to  two  fasting  dogs  with  the  pancreas  intact.  The  fasting 
period  had  lasted  22  days,  the  animals  having  free  access  to 
water.  Both  dogs  weighed  originally  8,750  gm.  Dog  C3  lost  2,900 
gm.,  and  Dog  C4,  2,750  gm.  during  the  fasting  period.  The  control. 
Dog  C6,  was  a  normal  dog  weighing  7,500  gm.;  it  had  not  been  fed 
on  the  day  of  the  morphine  test.  The  amount  of  morphine  was  2 
mg.  per  kilo,  given  subcutaneously  as  usual. 

In  the  fasting  animals.  Dogs  C3  and  C4,  the  morphine  produced  a 
considerable  rise  in  the  glycemia  which  was  fairly  comparable  with  that 
observed  in  the  dogs  with  an  experimental  pancreatic  deficiency. 
Both  dogs,  starting  at  the  normal  level  of  0.090  to  0.104  per  cent, 
showed  in  1  to  2  hours  after  the  morphine  test,  a  glycemia  of  0.204 
and  0.197  per  cent,  which  represent  increases  of  0.09  to  0.11  per  cent. 
The  normal  control,  Dog  C6,  showed  before  the  morphine  an  in- 
itially rather  high  glycemia,  0.175  per  cent;  1  hour  after  the  morphine 
the  blood  sugar  had  fallen  to  0.10  per  cent,  but  rose  again  during  the 
next  2  hours  to  slightly  above  the  original  premorphinc  level.  Text- 
fig.  4  gives  these  results  in  graphic  form. 

The  control  in  this  experiment  can  hardly  be  considered  a  normal 
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Text-Fig.  3.   Influence  of  coagulation  of  the  pancreas  on  morphine  glycemia. 
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animal.  The  controls  in  Text-figs.  1  and  2  give  a  better  picture  of 
the  response  of  a  normal  animal  to  the  subcutaneous  injection  of 
morphine. 
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Text-Fig.  4.  Influence  of  prolonged  fasling  on  morphine  glycemia  in  normal 
dogs. 

In  a  fifth  and  final  series  of  experiments  we  employed  dogs  in  which 
a  pancreatic  deficiency  had  been  produced  by  other  means  than  those 
u.scd  in  the  previous  groups.     In  Dog  BD3,  a  female  weighing  7,750 
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gm.,  five-sixths  of  the  pancreas  had  been  resected  3  months  before, 
the  residual  sixth  remaining  in  connection  with  the  excretory  ducts, 
so  that  the  animal  had  some  pancreatic  digestion.  3  days  after  the 
operation  the  blood  sugar  was  0.277  per  cent  and  the  urine  showed  0.5 
per  cent  sugar;  within  a  few  days,  however,  the  blood  sugar  fell  to  a 
normal  level,  fluctuating  between  0.09  and  0.13  per  cent,  and  the 
urine  was  sugar-free.  In  Dog  AK40,  a  female  weighing  11,000  gm., 
the  uncinate  process  and  the  tail  of  the  pancreas  had  been  hgated  off 
without  resection  2  months  before.  As  there  was  no  reason  to  expect 
hyperglycemia  or  glycosuria  in  this  animal,  only  one  blood  sugar 
examination  was  made  a  month  after  the  operation;  the  result  was 
0.09  per  cent.  The  urine  was  not  examined.  Both  dogs,  Nos.  BD3 
and  AK40,  were  in  excellent  physical  condition.  The  control  dogs, 
Nos.  C7  and  C8,  were  apparently  normal  males  weighing  respectively 
6,250  and  7,000  gm.  None  of  the  dogs  were  fed  on  the  day  of  the 
morphine  experiment.  All  the  dogs  of  this  group  received  1  mg.  of 
morphine  sulfate  per  kilo  subcutaneously  in  the  chest. 

Text-fig.  5  gives  the  plotted  blood  sugar  curves  of  this  group.  The 
only  animal  which  shows  the  characteristically  prompt,  strong  rise  in 
glycemia  is  the  dog  with  partial  pancreatectomy.  No.  BD3.  In  this 
dog  the  blood  sugar  rose  from  0.125  to  0.213  per  cent  in  50  minutes, 
an  increase  of  0.09  per  cent. 

In  Dog  AK40,  in  which  portions  of  the  pancreas  had  been  ligated 
off  without  resection,  the  rise  of  blood  sugar  did  not  exceed  0.03  per 
cent  above  the  premorphine  sample. 

The  sugar  curve  of  the  controls  is  quite  different  from  that  seen  in 
Dog  BD3;  in  Dog  C7  the  blood  sugar  rises  slowly  after  3  hours  to 
0.05  per  cent  above  the  normal  level;  in  C8  the  curve  exhibits  no  rise 
whatever.  The  latter  animal  shows  an  initial  fall  of  blood  sugar 
after  the  injection  of  morphine,  but  in  this  instance  the  blood  sample 
had  been  taken  earlier  than  in  the  other  dogs.  A  similar  initial  fall 
of  the  blood  sugar  after  morphine  may  also  be  seen  in  Dog  CI  of 
Text-fig.  1  where  a  blood  sample  was  taken  30  minutes  after  the 
morphine  dose. 

Urine. — The  urine  of  Dogs  AK5,  AK23,  and  AK32  (experiments  of  Te.xt-figs. 
1  and  3)  was  collected  for  at  least  12  hours  after  the  morphine  injection.  No 
sugar  was  found,  except  in  Dog  AK5  (Text-fig.  1)  where  examination  revealed 
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0.52  per  cent  sugar  in  160  cc.  of  urine;  there  was  no  albumin.  The  next  24 hour 
quantity  of  urine  was  sugar-free,  although  28  gm.  of  glucose  were  fed  daily  be- 
ginning with  the  day  after  the  morphine  test.     The  urine  of  the  other  dogs,  except 
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Text-Fig.  S.   Influence  of  partial  pancreatectomy  on  morphine  glycemia. 

Dog  BD3  (Text-figi  5),  was  not  collected.    Dog  BD3  showed  no  sugar  in  the  18 
hour  urine  collected  after  the  morphine  test. 

Dosage. — The  dose  of  morphine  used  in  these  experiments  is  in  all  probability 
larger  than  necessary.     The  glycemia  cur\'es  of  Dog  AK5  in  Text-fig.  2  and  of 
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Dog  BD3  in  Text- fig.  5  show  that  a  well  marked  rise  in  the  blood  sugar  of  a  dog 
with  pancreatic  deficiency  may  be  obtained  with  only  1  mg.  of  morphine  per 
kilo.  Possibly  a  dose  of  morphine  can  be  found  which  will  increase  the  blood 
sugar  of  prediabetic  dogs  and  have  no  effect  on  the  blood  sugar  level  of  normal 
animals. 

How  this  hx'perglycemia  after  morphine  in  dogs  with  a  pancreatic  deficiency  is 
produced  we  shall  not  discuss  here.  That  morphine  in  larger  doses  may  cause 
hyperglycemia  in  dogs  is  well  known.' 

General  Behavior. — The  two  groups  of  dogs  of  all  series  exhibited  no  marked 
differences  in  their  general  response  to  the  morphine  injection.  All  became  more 
or  less  drowsy;  defecation  was  caused  in  almost  all  animals,  but  retching  and  vomit- 
ing was  practically  absent  in  the  dogs  with  pancreatic  deficiency  and  in  the  fasted 
controls. 

DISCUSSION. 

The  series  of  experiments  briefly  described  and  figured  in  the  pre- 
ceding pages  show  unmistakably  that  the  subcutaneous  injection  of 
1  to  2  mg.  of  morphine  sulfate  per  kilo  of  body  weight  produces  a 
much  greater  and  prompter  increase  in  the  blood  sugar  of  dogs  with 
reduced  amounts  of  pancreatic  tissue  than  in  normal  animals.  Text- 
figs.  1,  2,  3,  and  5  and  Table  I  illustrate  this  well  and  show  the  quan- 
titative values  obtained  in  the  two  classes  of  dogs. 

There  is,  however,  an  aspect  to  this  morphine  hyperglycemia  which 
may  be  of  practical  importance.  These  dogs  with  a  small  or  mini- 
mal amount  of  pancreatic  tissue  may  legitimately  be  considered  in  a 
prediabetic  stage  in  the  hght  of  much  experimental  work,  especially 
that  of  Allen.*  On  this  basis,  the  morphine  glycemia  test  may  be  of 
value  to  the  clinician  for  detecting  patients  with  a  weakened  carbo- 
hydrate metabolism,  thus  permitting  the  early  institution  of  an  ap- 
propriate dietary  in  order  to  prevent  the  potential  diabetes  from 
dc\eloping  into  actuahty.  The  test,  moreover,  is  easily  carried  out, 
as  less  than  1  cc.  of  blood  will  be  necessary  if  the  Epstein  method'  is 
employed.     Only  three  samples  of  blood,  each  0.2  cc.  in  amount, 

'  Hirsch,  E.,  and  Reinbach,  H.,  Z.  physiol.  Chem.,  1914,  xci,  299-301,  Experi- 
ments \Tn,  XI,  and  XIV. 

*  Allen,  F.  M.,  Studies  concerning  glycosuria  and  diabetes,  Cambridge,  1913. 

'  Epstein,  A.  A.,  J.  Am.  Med.  Assn.,  1914,  Ixiii,  1667.  A  simplification  of  the 
procedure  is  being  developed  by  one  of  us  which  will  be  ready  for  publication 
shortly. 
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would  then  be  necessary,  the  normal,  control  sample,  and  two  further 
samples  taken  1  and  2  hours  respectively  after  the  morphine  injec- 
tion. The  amount  of  morphine  given  to  the  human  subject  cannot, 
of  course,  be  calculated  kilo  for  kilo  from  the  doses  used  for  dogs; 
probably  20  mg.  of  morphine  sulfate  (^  grain)  would  suffice  for  an 
adult. 

Whether  the  morphine  test  will  yield  the  same  result  with  human 
beings  in  the  prediabetic  stage  which  we  obtained  experimentally  in 
dogs,  only  actual  trial  can  determine.  Such  a  trial,  however,  we  be- 
lieve warranted  by  our  results  and  by  the  simplicity  of  the  procedure. 
The  injection  of  a  moderate  dose  of  morphine  is  surely  not  more  of  a 
strain  to  the  organism  with  a  possibly  defective  carbohydrate  metabo- 
lism than  the  ingestion  of  100  to  200  gm.  of  glucose;  moreover,  it  will 
be  remembered  that  morphine  has  been  and  is  administered  to  diabetics 
with  apparently  beneficial  results.  Thus,  for  e.xample,  Pavy^  re- 
ported that  opium,  morphine,  and  especially  codeine  reduce  the  gly- 
cosuria in  human  diabetes.  It  is  therefore  unlikely  that  morphine 
will  work  harm  in  the  prediabetic  stage  of  hmnan  diabetes. 

When  to  suspect  the  prediabetic  stage  in  a  patient  will  offer  no 
difficulties  to  the  physician.  The  combination  of  racial  or  family 
predisposition,  neurotic  temperament,  rheumatoid  pains,  and  periods 
of  muscular  weakness  point  to  a  possibly  defective  carbohydrate 
metabolism,  though  not  associated  with  a  glycosuria.  If  there  is 
furunculosis,  or  pruritus,  or  increased  thirst  and  micturition,  or 
early  development  of  impotence,  a  prediabetic  stage  is  to  be  sus- 
pected, even  though  the  urine  is  sugar-free.  In  such  cases  the 
morphine  test  is  worthy  of  a  trial. 

Sugar  Tolerance. — It  should  be  mentioned  that  the  sugar  tolerance 
of  the  dogs  in  which  the  pancreas  had  been  coagulated  by  alcohol  was 
surprisingly  good.  For  example.  Dog  AK5,  90  days  after  operation 
excreted  only  0.3  gm.  of  sugar  per  kilo  after  being  fed  10  gm.  per 
kilo.  From  the  119th  day  to  the  175th  day  the  same  dog  was  fed 
daily,  except  on  the  day  of  the  morphine  test,  4  gm.  of  sugar  per  kilo, 

^  Pavy,  F.  W.,  Guy's  Hasp.  Rep.,  1870,  .xv,  series  3,  420.  It  may  be  noted  that 
as  much  as  2J  grains  (165  mg.)  of  morphine  hydrochloride  were  administered 
three  times  a  day  to  Pavy's  Case  3  (p.  430). 
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in  addition  to  the  regular  mixed  diet,  but  no  sugar  appeared  in  the 
24  hour  urines. 

Another  example  is  furnished  by  Dog  AK32.  This  dog  showed  a 
severe  diabetes  during  the  1st  week  after  the  operation:  the  glyco- 
suria varied  between  2.7  to  4.8  per  cent  and  the  blood  sugar  ranged 
from  0.16  to  0.32  per  cent.  Within  2  weeks  the  urine  became  sugar- 
free  and  the  glycemia  oscillated  between  0.09  and  0.17  per  cent.  A 
tolerance  test  on  the  21st  day  after  operation  (10  gm.  of  sugar  per 
kilo  per  os)  caused  no  sugar  excretion  whatever.  Thereafter  this  ani- 
mal's urine  up  to  the  time  of  death,  118  days  after  operation,  never 
showed  any  sugar,  beyond  an  occasional  faint  trace.  It  is  therefore 
evident  that  a  strong  hyperglycemia  after  small  doses  of  morphine  can 
even  then  be  obtained  when  the  carbohydrate  metabolism  is  only 
moderately  impaired. 

Fasting. — In  dogs  which  had  fasted  sufficiently  long,  the  subcuta- 
neous injection  of  2  mg.  of  morphine  sulfate  per  kilo  sufficed  apparent- 
ly to  bring  on  a  definite  hyperglycemia.  This  is  shown  in  Text-fig.  4. 
In  the  two  animals,  Dogs  C3  and  C4,  which  had  fasted  22  days,  the 
subcutaneous  injection  of  2  mg.  of  morphine  sulfate  per  kilo  produced 
in  1  to  2  hours  a  hyperglycemia  of  0.20  per  cent,  the  normal  level  of 
the  same  animals  being  0.09  to  0.10  percent.  Since  the  dogs  with 
deficient  pancreas,  excepting  Dog  BD3  (Text-fig.  5),  were  losing 
weight  constantly  in  spite  of  a  liberal  mixed  diet,  because  they 
were  devoid  of  pancreatic  digestion,  it  might  be  objected  that  the 
morphine  hj'perglycemia  which  we  have  described  merely  indicates 
a  fasting  state  and  not  a  weakness  of  the  carbohydrate  metabolism, 
as  we  have  assumed.  This  interpretation,  however,  is  probably  only 
partially  correct  at  best  and  by  no  means  decreases  the  value  of 
our  results.  It  has  been  well  known  since  the  time  of  Claude 
Bernard  that  fasting  or  cachectic  animals  in  general  may  respond 
with  a  transitory  glycosuria  to  the  ingestion  of  a  full  meal  of  carbohy- 
drates, but  it  is  clear  that  such  an  alimentary  glycosuria  must  be  due 
to  a  temporarily  weakened  carbohydrate  metabolism,  for  the  normal 
organism  would  show  a  sugar-free  urine.  Therefore  the  morphine 
hyperglycemia  which  we  observed  during  fasting  is  additional  evi- 
dence for  the  correctness  of  our  working  hypothesis  that  morphine 
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will  cause  a  greater  hyperglycemia  in  an  animal  with  impaired  car- 
bohydrate metaboUsm  than  in  a  normal  individual. 

On  the  whole,  therefore,  it  may  be  said  that  the  morphine  hyper- 
glycemia during  severe  fasting  is  not  only  no  evidence  against  the 
correctness  of  our  hypothesis  but  is,  on  the  contrary,  just  what  that 
view  demands.  Furthermore,  it  must  be  emphasized  that  a  pan- 
creatic deficiency  without  obvious  fasting,  as  in  Dog  BD3  (Text- 
fig.  5),  also  causes  a  well  marked  hyperglycemia  when  a  small  dose 
of  morphine  is  injected  subcutaneously;  severe  fasting  per  se,  there- 
fore, is  also  not  a  necessary  factor  for  the  appearance  of  a  marked 
hyperglycemia  after  morphine  in  prediabetic  dogs. 

It  should  be  observed  that  a  moderate  degree  of  fasting  is  in- 
sufficient to  bring  out  the  morphine  hyperglycemia.  Thus  a  fast- 
ing period  of  8  days  in  Dogs  C3  and  C4  did  not  cause  a  marked  hyper- 
glycemia after  morphine,  as  the  curves  of  Text-fig.  2  show. 

SUMMARY. 

The  subcutaneous  injection  of  1  or  2  mg.  of  morphine  sulfate  per 
kilo  subcutaneously  in  dogs  with  a  pancreatic  deficiency,  whose  sugar 
tolerance  is  still  good,  produces  a  rise  in  the  glycemia  about  four  times 
greater  than  the  same  amount  of  morphine  calls  forth  in  normal  dogs. 

As  dogs  with  a  pancreatic  deficiency  due  to  coagulation  or  partial 
resection  of  the  gland  may  legitimately  be  considered  in  a  predia- 
betic state,  the  inference  is  warranted  that  the  morphine  test  may  be 
of  value  in  detecting  a  weakened  carbohydrate  metaboUsm  in  the 
human  subject.  The  test  could  easily  and  without  danger  be  carried 
out  with  the  micro  methods  now  available  for  the  quantitative 
determination  of  blood  sugar. 

The  experimental  facts  described  in  this  paper  give  additional  cor- 
roboration to  the  view  that  the  response  of  a  normal  and  of  a  patho- 
logically altered  organism  to  the  same  drug  in  the  same  dosage  may 
be  quantitatively  very  difl'erent. 
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Definilioii  of  Terms. 

The  amount  of  air  a  person  is  able  to  expire  after  a  maximum  in- 
spiration is  called  "vital  capacity"  (Hutchinson,  1846).  The  vital 
capacity  does  not,  however,  indicate  all  the  air  within  the  lungs.  A 
certain  quantity  remains  even  after  a  maximum  expiration;  we  call 
this  "residual  air"  (Davy,  1800).  The  sum  of  the  vital  capacity 
and  the  residual  air,  i.e.,  the  total  volume  of  air  held  by  the  completely 
filled  lungs,  is  called  the  "total  capacity"  or  "total  lung  volume." 

If  one  stops  breathing  half-way  between  a  normal  inspiration  or  a 
normal  expiration,  there  will  be  in  the  lungs  a  certain  quantity  of  air 
greater  than  the  residual  air  and  less  than  the  total  capacity  (Text- 
figs.  1  and  2).  We  call  this  amount  of  air  the  "middle  capacity"' 
(Panum,  1868).  The  difference  between  the  middle  capacity  and  the 
total  capacity  (all  that  can  be  breathed  in  after  a  half  expiration) 
is  called  the  "reserve  air."-  The  difference  between  middle  capacity 
and  residual  air  (all  that  can  be  breathed  out  after  a  half  expira- 
tion) is  called  the  "complementary  air." 

'  Siebeck  suggested  in  1910  defining  the  middle  capacity  as  the  amount  of  air 
in  the  lungs  after  a  full  normal  expiration,  instead  of  after  a  half  expiration.  In 
this  paper  the  definition  of  Panum  is  used. 

^  Hutchinson  (1846)  created  the  terms  "complementary  air"  and  "reserve  air." 
He  used  different  definitions,  however,  defining  the  complementary  air  as  the 
quantity  of  air  a  person  can  inspire  after  a  normal  inspiration,  and  the  reserve 
air  as  the  amount  that  can  be  expired  after  a  normal  expiration. 
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Text-Fig.  1.  .Approximate  lung  volumes  for  average  normal  man. 
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Text-Fig.  2.  Approximate  lung  volumes  for  average  normal  woman. 
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In  accordance  with  the  definition  now  in  use,  the  vital  capacity  is 
equal  to  the  sum  of  the  reserve  and  complementary  air.  Under  nor- 
mal conditions  the  difference  between  the  inspiration  and  expiration 
(the  tidal  air)  is  much  less  than  the  vital  capacity,  and  can  approxi- 
mately be  estimated  at  500  cc.  This  means  that  a  person  only  uses 
250  cc.  of  his  reserve  air  and  250  cc.  of  his  complementary  air  in  normal 
breathing.  The  rest  of  the  vital  capacity  is  to  be  considered  as  a 
reserve  which  can  be  used  if  necessary  under  abnormal  conditions. 
There  is  a  striking  contrast,  however,  between  the  reserve  air  and 
the  complementary  air,  the  former  always  being  within  the  chest  and 
the  latter  always  being  outside  the  chest  under  normal  resting  condi- 
tions (Hutchinson). 

Mctkods  for  Determining  Lung  Volumes. 

The  vital  capacity,  the  tidal  air,  the  reserve  air,  and  the  comple- 
mentary air  can  be  determined  by  means  of  a  calibrated,  easily  movable 
spirometer.  In  determining  the  residual  air,  however,  it  is  necessary 
to  apply  a  more  complicated  method.  It  is  usually  determined  by 
having  the  subject  expire  completely  until  only  the  residual  air  is 
left  in  the  lungs.  He  then  inspires  from  a  bag  or  spirometer  contain- 
ing a  known  amount  of  nitrogen,  oxygen,  or  hydrogen,  which  he 
mixes  with  the  air  in  his  lungs  by  respiring  from  five  to  seven  times. 
Then  the  mixture  is  analyzed  and  the  amount  of  residual  air  calculated 
from  the  degree  to  which  the  air  in  the  chest  has  diluted  the  gas  in 
the  bag  or  spirometer.  The  total  capacity  and  the  middle  capacity 
can  be  determined  either  directly  by  the  bag  alone,  or  indirectly  by 
adding  the  residual  air  to  the  vital  capacity  and  the  reserve  air  re- 
spectively, as  determining  with  a  spirometer.  We  have,  in  our  work, 
determined  all  the  figures  by  means  of  the  mixing  method  and  later 
on  checked  the  vital  capacity  by  means  of  a  spirometer. 

Our  technique  has  been  the  following:  A  4  liter  rubber  bag  is  evacu- 
ated and  filled  with  2  liters  of  pure  oxygen;  in  determining  the  residual 
air  we  sometimes  use  3  liters.  The  bag  is  connected  to  a  three-way 
stop-cock.  The  subject  closes  his  lips  air-tight  around  the  rubber 
mouthpiece  of  the  stop-cock.  The  nose  is  closed  by  a  clarpp.  For  a 
few  respirations  the  stop-cock  is  held  in  such  a  position  as  to  permit 
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free  passage  between  the  lungs  and  the  outside  air.  Then  the  sub- 
ject brings  his  lungs  to  the  desired  position  and  retains  that  position 
long  enough  to  have  the  stop-cock  turned  to  connect  the  rubber 
bag  with  his  lungs.  Four  to  five  fairly  deep  respirations  are  sufficient 
to  mix  the  air  in  the  lungs  with  the  air  in  the  bag  (see  below) .  A  sam- 
ple is  then  drawn  out  of  the  bag  and  analyzed  for  nitrogen,  carbon 
dioxide  and  oxygen  being  absorbed  simultaneously  by  alkaline  pyro- 
gallol.     The  lung  volume  is  calculated  in  the  following  way: 


X  =  (.T  -I-  a)  -^- 

100       "^    ^    '  100 


ay 
X    =  the  lung  volume  in  liters. 
V    =  the  percentage  of  nitrogen  in  the  lung  air  before  the  experiment 

(usually  79.1  per  cent,  see  page  12). 
y    =  the  percentage  of  nitrogen  in  the  sample  from  the  bag  at  the  end 

of  the  experiment  (or  the  percentage  of  nitrogen  in  the  lungs  after 

mixing), 
o    =  the  amount  of  o.xygen  in  the  bag  in  liters  at  the  beginning  of  the 

experiment. 

It  is  more  convenient  to  calculate  the  lung  volume  by  means  of  the 
curve  in  Text-fig.  3. 

The  curve  and  formula  can  only  be  used  if  the  oxygen  in  the  tank 
is  pure  or  if  a  correction  is  made  so  that  the  bag  will  contain  2  liters 
of  oxygen.  In  that  case  the  excess  nitrogen  in  the  bag,  as  an  impurity 
in  the  oxygen,  must  be  subtracted  from  the  calculated  lung  volume. 

Our  spirometer  is  an  easily  movable  Krogh  (1912)  apparatus.  The 
person  is  connected  with  the  spirometer  by  means  of  a  three-way  stop- 
cock of  at  least  1  sq.  cm.  bore.  In  order  to  determine  the  vital  capacity, 
the  person  must  fill  his  lungs  and  stop  breathing  for  a  moment.  The 
stop-cock  is  then  turned  and  a  maximum  expiration  is  made  into  the 
spirometer.  This  is  repeated  until  a  constant  value  is  obtained.  The 
determination  of  the  vital  capacity  can  be  combined  ^ith  the  deter- 
mination of  the  residual  air  if  a  three-way  stop-cock  is  so  arranged 
that  after  expiring  into  the  spirometer  the  subject  is  instantly  con- 
nected with  a  rubber  bag  containing  2  or  3  liters  of  oxygen,  as  de- 
scribed above.     The  vital  capacity  can  also  be  determined  by  a 
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Text-Fig.  3.  Curves  for  calculation  of  lung  volume  (air  content)  as  determined  by  the  dilution  method. 
The  upper  curve  is  for  use  when  3  liters  of  pure  oitygen  are  mixed  with  the  lung  air,  the  lower  when  2 
liters  of  oxygen  are  used.  The  lower  curve  is  given  in  three  forms  to  indicate  the  range  of  eiror  which 
may  be  caused  by  maximum  variations  in  the  nitrogen  content  of  the  alveolar  air  frcii 
ro.l  per  cent. 


the  usual  value  of 
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maximum  inspiration  from  the  spirometer,  but  the  results  obtained 
are  somewhat  smaller  than  those  obtained  by  expiration  (Table  III). 

In  order  to  determine  the  reserve  air  and  the  complementary  air,  the 
person  must  breathe  normally  for  some  time  into  the  spirometer, 
which  contains  3  or  4  hters  of  50  per  cent  oxygen  to  prevent  dyspnea. 
When  the  breathing  is  regular,  a  maximum  respiration  is  made. 
This  respiration  must  equal  the  previously  found  vital  capacity. 

The  figures  can  be  given  directly  or  in  values  corrected  for  tem- 
perature, pressure,  and  moisture.  We  have  not  corrected  them. 
Our  figures  refer  to  the  gas  volumes  measured  at  21°  ±  3°C. 

Accuracy  of  Methods. 

Spirometry. — The  spirometer  method  will  always  give  the  true 
vital  capacity  at  that  particular  moment.  The  maximum  read- 
ing error  is  50  cc.  Measuring  the  vital  capacity  of  the  same  person 
several  times,  one  finds  that  the  results  obtained  differ  by  amounts 
usually  less  than  200  cc,  in  most  cases  from  3  to  6  per  cent  of  the 
vital  capacity.  These  differences  are  not  due  to  the  method,  but  to 
the  inability  of  the  subject  to  reach  the  same  point  in  inspiration  or 
expiration,  or  both,  every  time.  Bohr  recognized  the  fact  that  the 
vital  capacity  is  not  constant.  He  considered  the  maximum  inspira- 
tion as  a  iixed  point,  and  that  the  discrepancies  in  the  determinations 
of  the  vital  capacity  were  due  to  the  expiration,  the  last  part  of  which 
is  done  by  the  diaphragm.  Hasselbakh  showed  later  that  it  is 
possible  to  train  a  person  to  increase  his  total  lung  volume.  He 
found,  furthermore,  that  the  total  capacity  and  vital  capacity  in  three 
normal  persons  decreased  when  they  changed  from  the  standing  to 
the  lying  position.  This  does  not  exclude  the  fact  that  the  maximum 
inspiration  is  a  fixed  point  and  the  maximum  expiration  a  variable 
point  when  the  determinations  are  made  within  a  short  time  and 
with  the  subject  in  the  same  position. 

Dilution  Method. — In  the  rubber  bag  method,  or,  as  it  may  more 
accurately  be  called,  the  dilution  method,'  there  are  possibiHties  for 
several  errors.     The  analytical  error  is  very  small  because  a  large 

'  The  volume  of  air  in  the  lungs  is  determined  in  a  way  analogous  to  the  deter- 
minations of  the  residue  in  the  stomach  in  Ewald's  test  meal. 
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amount  of  air  may  be  taken  for  analysis.  In  a  determination  where 
30  cc.  are  taken  for  analysis,  the  error  falls  below  0.2  per  cent,  even 
when  no  special  precautions  are  taken,  such  as  the  use  of  a  thermo- 
barometer.  The  main  source  of  error  is  the  difficulty  in  obtaining 
a  homogeneous  mixture  of  air  in  the  lungs  and  in  the  bag.  It  is  gener- 
ally supposed  that  five  to  seven  fairly  deep  respirations  are  sufficient 
to  mix  even  pure  hydrogen  with  the  air  in  the  lungs.  A  recent  study 
by  Sonne  has  shown  that  it  is  essential  to  pay  more  attention  to 
that  problem  than  was  formerly  considered  necessary.  Sonne  found 
that  it  was  very  difficult,  and  in  some  instances  almost  impossible, 
to  get  a  homogeneous  mixture  in  the  lungs  by  inhaling  foreign  air. 
He  found  it  extremely  difficult  to  get  a  proper  mixture  by  mixing  the 
lung  air  with  nitrous  oxide  as  is  done  in  Krogh  and  Lindhard's  (1912) 
method  for  determining  the  blood  flow.  Krogh  and  Lindhard  them- 
selves have  later  (1917)  admitted  this  difficulty.  We  have,  therefore, 
been  very  careful  in  controlling  our  results.  We  have  done  this  in 
three  different  ways: 

(1)  By  performing  our  experiments  on  the  same  person  with  dif- 
ferent numbers  of  respirations  (Table  I).  As  seen  in  the  table,  in- 
creasing the  number  of  respirations  beyond  four  of  at  least  2  liter  ex- 
cursions does  not  change  the  results.     The  slight  differences  obtained 


Efect  of  Variations  in  the  Number  of  Respirations  on  Results  by  the  Dilution 
Method. 


Lung  volume  calculated  from  analyses  of  mixed  gases 

Name. 

Position  of  cbest. 

sion  of 
respi- 
ration. 

aftei  varying  number  of  respirations. 

1 

2 

3 

4 

5 

6 

7 

8 

liters 

tilers 

tilers 

tilers 

liUrs 

liters 

(Iters 

liters 

tilers 

Dr.  F. 

Ma.ximum  expiration. 

2  0 

1  46 

1.70 

2.02 

1   98 

1.84 

"   A. 

"          inspiration. 

3.5 

5.75 

5.58 

"   A. 

Normal                " 

3.0 

3.85 

3.96 

3.90 

4.00 
3,92 

"  S. 

Maximum           " 

3.0 

6.27 

6.20 

"    P. 

"          expiration. 

2.0 

2.16 
2.20 

2.45 

2.49 

2.50 
2.74 

2.50 
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are  not  due  to  an  incomplete  mixture,  but  to  the  previously  men- 
tioned impossibility  of  starting  the  respiration  from  the  same  point 
in  different  experiments.  We  have  tried  to  overcome  this  difficulty 
in  (2). 

(2)  By  taking  samples  from  the  rubber  bag  after  a  different  num- 
ber of  respirations  in  the  same  experiment  (Table  II).  These  experi- 
ments show  that  we  obtained  almost  constant  values  of  nitrogen  in 
the  rubber  bag  after  four  or  five  respirations.  In  all  the  experiments 
in  this  table  the  subject  has  started  from  a  maximum  inspiration, 
which  probably  is  a  more  unfavorable  condition  for  mixing  than 
starting  from  a  maximum  expiration,  because  one  is  unable  to  empty 

TABLE    II. 

Analyses  of  Mixed  Gases  in  the  Bag  after  Varying  Numbers  of  Successive 

Respiratiens. 


Position  of  chest. 

Amount  of  pure  oxygen 
in  bag. 

Excur- 
sion of 
respi- 
rations. 

Sample  1. 

Sample  2. 

Name. 

No.  of 
respi- 
rations. 

Nitro- 
gen. 

No.  of 
respi- 
ration. 

Nitro- 
gen. 

liters 

lilrrs 

per  cent 

per  cent 

Dr.  V. 

Maximum  inspiration. 

2  (approximately) 

3i 

4-6 

60.5 

7 

60  0 
60.1 

"    V. 

" 

2 

3i 

4-6 

59.1 

8 

59.4 

"   L. 

" 

2  (approximately) 

3 

4-5 

58.2 

7 

58.5 

"    S. 

"                  " 

2 

H 

4-6 

57.4 

8 

57.5 

"   S. 

"                  " 

2  (approximately) 

3i 

4-6 

58.3 

7 

58.5 

the  rubber  bag  each  time.  The  respiratory  excursions  in  these  ex- 
periments have  been  from  3  to  3|  liters. 

(3)  By  determining  the  vital  capacity  as  the  difference  between  the 
total  lung  volume  and  the  residual  air,  determined  by  the  dilution 
method,  and  checking  this  by  determining  the  vital  capacity  with 
the  spirometer.  We  have  done  this  in  all  but  two  of  our  subjects. 
The  results  are  shown  in  Table  III. 

The  values  for  the  vital  capacities  determined  by  expiration  into 
the  spirometer  are,  with  few  exceptions,  from  1  to  5  per  cent  greater 
than  the  values  obtained  by  the  dilution  method.  The  reason  for 
this  is  undoubtedly  that  we  have  given  as  our  spirometer  values  the 
highest  figures  obtainable  with  the  spirometer,  whereas  the  dilution 
method  figures  are  the  average  of  all  determinations.     The  values 
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for  the  vital  capacities  determined  by  inspiration  from  the  spirom- 
eter are  always  slightly  smaller  than  the  values  obtained  by  expira- 
tion. This  is  probably  accounted  for  by  the  greater  power  of  the 
expirator}'  muscles  and  b}'  the  resistance  of  the  spirometer.  Another 
reason  may  be  the  difference  in  temperature  and  moisture  content  of 
the  expiratory  air. 

Inconstancy  oj  the  Nitrogen  Percentage  in  the  Lung  Air. — Another 
possible  error  is  due  to  the  inconstancy  of  the  nitrogen  in  the  lung 
air  and  the  impossibility  of  determining  it  in  relation  to  the  de- 
termination of  the  lung  volume.  We  determined  the  nitrogen  per- 
centage in  a  sample  from  the  total  amount  of  expired  air  in  six  nor- 
mal people.  Six  determinations  were  done  on  each  person,  three  on 
the  expired  air  after  an  ordinary  expiration  and  three  after  a  maxi- 
mxmi  inspiration.  The  values  fell  between  78.7  and  79.5  per  cent  in 
27  cases;  in  9  cases  the  values  fell  outside  these  limits  but  within 
78.4  and  79.6  per  cent.  The  variations  in  the  same  person  are  usu- 
ally as  great  as  from  person  to  person.  We  have  used  79.1  per  cent 
in  all  our  calculations.  The  curves  in  Text-fig.  3  show  the  hmits  of 
the  possible  errors.  The, constancy  of  the  figures  in  Tables  I  and 
II  shows  that  the  actual  errors  due  to  increased  absorption  of  oxygen 
in  blood  plasma  and  tissues  from  the  oxygen-rich  mixture  breathed 
during  the  10  to  15  seconds  of  the  experiment,  to  the  excretion  of 
nitrogen  from  blood,  and  to  the  deviation  of  the  respiratory  quotient 
from  1.0  are  neghgible. 

Standard  Procedure  for  the  Determination  of  Lung  Volumes. 

The  determinations  of  the  lung  volume  in  Subject  2  (Table  III)  were 
done  in  a  way  which  we  considered  the  best  and  most  reliable.  It  is 
given  in  detail  as  follows: 

(l)  Determination  of  Vital  Capacity  by  Means  of  Expiration  in 
the  Spirometer. — 

Expiration.  Volume.  Temperature.  Pressure. 

lilcTi  'C.  mm. 

First 5.75  24  762 

Second 5 .  80 

Third 5.95 

Fourth 5.95 

Altai  capacity  =  5.95  uncorrected. 
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(2)  Determination  of  Residual  Air  by  the  Dilution  Method. — The 
subject  breathed  through  a  three-way  stop-cock  by  means  of  which 
he  could  be  connected  with  either  the  spirometer  or  a  rubber  bag 
containing  3  hters  of  oxygen.  He  filled  his  lungs  with  room  air  and 
breathed  repeatedly  into  and  out  of  the  spirometer.  When  the 
volume  of  expiration  equalled  the  previously  determined  maximum 
vital  capacity  (5.95  liters),  the  stop-cock  was  turned  in  such  a  manner 
that  the  next  inspiration  was  made  from  the  bag.  The  oxygen  drawn 
in  from  the  bag  was  rebreathed  seven  times  in  15  seconds.  The  ni- 
trogen content  of  the  mixed  gases  was  32.6  per  cent,  indicating  a  resid- 
ual air  volume  of  2.1  liters. 

(3)  Total  Capacity. — The  total  capacity  was  then  determined  with 
the  bag,  which  contained  2  liters  of  oxygen.  The  subject  respired 
eight  times.  The  nitrogen  content  of  the  mixture  was  63.4  per  cent, 
indicating  a  total  capacity  of  8.05  liters. 


Vital  capacity  determined  by  spirometer  =  5.95  liters. 
Vital  capacity  determined  by  bag  =  8.05  —  2.1  =  5.9 


2.1   =  5.95  liters. 

(4)  Middle  Capacity. — While  breathing  quietly  the  subject  was 
connected  with  a  spirometer  containing  about  4  liters  of  air  with  50 
per  cent  oxygen.  He  continued  regular  breathing  from  the  spirom- 
eter, which  registered  as  follows: 

Readings  of  the  Spirometer  Dial. 

After  inspiration,     .\fter  expiration.  Mean.  Vital  capacity. 

liters  liters  titers  liters 

Normal  respiration 3.2  3.9  3 . 5.S 

3.1  3.9  3.50 

3.15  3.85  3.50 

Ma.ximum       "        0.4  6.1  —  5.7 

Reser\'e  air  =  6.1   —  3.5  =  2  6  liters. 

Complementary  air  =  3.5  —  0.4  =  3 . 1  liters. 

The  value  for  the  vital  capacity  obtained  in  this  experiment  is  6.1 
-  0.4  =  5.7,  instead  of  5.95.  The  reason  for  this  is  that  the  maxi- 
mum inspiration  was  made  from  the  spirometer,  a  condition  which, 
as  mentioned  before,  regularly  gives  a  smaller  vital  capacity  than  that 
registered  when  the  lungs  are  filled  from  the  free  air  (Table  III). 
For  this  reason  we  increase  the  value  of  the  complementary  part  of 
the  total  air  by  0.25  to  3.35  hters. 
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Immediately  afterwards  the  chest  measures  of  the  subject  were 
taken. 

Lung  Volumes  in  Eighteen  Normal  Individuals. 

The  results  of  our  experiments  on  eighteen  normal  persons  between 
20  and  38  years  of  age  are  tabulated  in  Table  III,  and  diagrams  of  the 

TABLE   III. 
Summary  of  Lung   Volume  Determinations  on  Normal  Individuals. 


9 

Name. 

< 

J3 

Bag. 

Spirometer. 

•5 

Residu- 
al air. 

Middle 
capac- 
ity. 

Total 
capac- 
ity. 

Vital 

capac- 
ity. 

Reserve 
air. 

Com- 
plemen- 

Vital capacity. 

Z 

tary 

Expi- 
ration. 

Inspi- 
ration. 

yrs. 

cm. 

ki- 

tilers 

lilers 

lilrrs 

lilers 

lilers 

liters 

lilers 

liters 

1       I 

)r.  P. 

34 

185 

90 

2.48 

4  80 

8-22 

5,74 

2.32 

3.42 

5.90 

5.70 

2 

'     J- 

31 

179 

76 

2.10 

4,70 

8  05 

5.95 

2.60 

3.35 

5.95 

5.70 

3 

'     Do. 

29 

186 

86 

1.86 

— 

7.20 

5,34 

— 

— 

— 

— 

4 

'     F. 

32 

178 

68 

1.87 

3.89 

6.51 

4.64 

2.02 

2.62 

4.90 

4.85 

5 

'     S. 

32 

178 

91 

1.47 

3.45 

6.24 

4.77 

1.98 

2.79 

4.87 

4.80 

6 

'     D. 

34 

178 

69.5 

1.52 

3.66 

6.13 

4.61 

2.14 

2.47 

4.65 

4.60 

7 

'     C, 

29 

172.5 

65 

1.46 

3.31 

5.88 

4.42 

1.85 

2.57 

4.63 

4.55 

8 

'     .\. 

38 

165 

67 

1.61 

3.50 

5.. 58 

3.97 

1.89 

2  08 

3.87 

3.77 

9 

'     M. 

32 

167,5 

63 

1.25 

2.99 

4.95 

3.70 

1.74 

1.96 

3.97 

3.93 

10 

'    Mo. 

29 

162.5 

51 

1.41 

2  60 

4.56 

3.15 

1.19 

1.94 

3.40 

3.35 

11 

'     K. 

28 

152 

52 

1.53 

2.23 

3  84 

2.31 

0.70 

1.61 

2.40 

2.35 

12     I 

^rs.  S. 

34 

175 

88 

1.64 

2.88 

5.10 

3.46 

1.24 

2.22 

— 

— 

13     I 

Hiss  G. 

26 

173 

63 

1.42 

3.17 

5  05 

3.63 

1.75 

1.88 

3.75 

3.70 

14     1 

Hrs.  H. 

24 

162 

59 

1.07 

2.69 

4.91 

3.84 

1.62 

2.22 

3.90 

3.85 

15     I 

Hiss  C. 

23 

169 

65 

1.10 

2.40 

4.12 

3.02 

1.30 

1.85 

3.15 

3.10 

16 

"      L. 

29 

156 

43 

1.15 

2.45 

3.93 

2.78 

1.30 

1.48 

2.75 

2.70 

17     I 

Hrs.  A. 

28 

158 

52 

0  97 

2.28 

3.93 

2.96 

1.31 

1.65 

3.10 

2.95 

18     1 

Hiss  D. 

21 

160 

53 

1.15 

2.35 

3.72 

2.57 

1.20 

1  40 

2,65 

2.60 

same  determinations  are  shown  in  Text-fig.  4.  The  values  for  the 
different  lung  volumes  in  these  determinations  agree  with  what 
other  investigators  have  found. 

From  his  determinations  on  eight  normal  men  and  four  normal 
women,  Bohr  derived  a  standard  for  the  different  lung  volumes  which 
is  usually  accepted. 

We  have  divided  our  results  into  two  groups  according  to  the 
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TABLE    IV. 
Average  Lung  Volumes  for  Normal  Men  and  Women  in  Standing  Position. 


Sci. 

Residual  air. 

Reserve  air. 

Mean. 

Complemen- 
tary air. 

Total  capacity. 

Men 

liters 
1..S 

1.0 

lilers 
2.0 
1.5 

lilers 
3.S 
2.5 

lilers 
2.5 
2.0 

litrrs 
6.0 

4  5 

se.xes  and  believe  that  the  figures  given  in  Table  IV  and  Text-figs. 
1  and  2  represent  the  approximate  average  somewhat  more  closely 
than  the  approximations  used  by  Bohr;  namely,  1  hter  of  residual,  2 
hters  of  reserve,  and  2  liters  of  complementary  air. 

Previous  Investigations  to  Find  a  Relationship  between  the  Vital  Capacity 
and  Oilier  Body  Figures. 

Pulmometry  has  never  played  an  important  part  in  clinical  medi- 
cine, chiefly  on  account  of  the  great  variations  in  the  lung  volumes  of 
difTerent  persons.  For  that  reason  we  have  been  unable  to  tell 
whether  the  lung  volume  in  a  pathologic  case  is  normal  or  not  for 
the  individual  examined  unless  the  deviation  from  the  usual  values 
is  great.  The  variations  in  the  values  of  the  lung  volume''  in  different 
individuals  have  been  recognized  by  even  the  earliest  investigators. 

Borelli  (1679)  was  the  first  who  tried  to  determine  the  air  in  the  lungs.  He 
found  that  from  300  to  600  cc.  are  taken  in  by  a  single  inspiration.  Jurin  (1718) 
says  about  Borelli's  figures:  "But  this  quantity  is  different  not  only  in  different 
persons,  but  even  at  different  times  in  one  and  the  same  person."  Hales  (1728) 
determined  the  air  in  the  lungs  to  be  4  liters.  Goodwyn  (1788)  says  after  report- 
ing his  own  experiments:  "These  experiments  are  sufficient  to  show  that  the  lungs 
contain  a  considerable  quantity  of  air,  even  after  complete  e.xpiration,  but  this 
quantity  must  vary  in  different  subjects  in  proportion  to  the  capacity  of  the 
thorax.  It  is,  therefore,  extremely  difficult  to  establish  a  medium.  However, 
we  shall  for  the  present  adopt  the  medium  quantity  of  these  latter  experiments 
and  say  that  the  lungs  of  the  human  subject  contain  109  cubic  inches  (1,800  cc.)' 
of  air  after  complete  e.xpiration." 

■*  It  took  a  considerable  time  before  the  differences  between  vital  capacity, 
residual  air,  and  so  forth  were  recognized. 

^  Determined  post  mortem  by  filling  the  pleural  cavities  with  water,  in  this  way 
compressing  the  lungs  (the  diaphragm  was  fixed). 
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Dav-y  (1800),  who  invented  the  diUition  principle  in  determination  of  the  resid- 
ual air,  gives  the  figures  for  his  own  lungs:  "So  that  making  the  corrections  for 
temperature,  it  would  appear,  that  my  lungs  in  a  state  of  voluntary  inspiration, 
contained  about  254  cubic  inches  (4,160  cc);  in  a  state  of  natural  inspiration, 
about  135  (2,210  cc);  in  a  state  of  natural  expiration,  ab^ut  118  (1,190  cc);  and 
in  a  state  of  forced  expiration  41  (670  cc)."  He  also  remarks:  "This  capacity  is 
most  probably  below  medium;  my  chest  is  narrow,  measuring  in  circumference 
but  29  inches."  Hutchinson,  by  the  invention  of  the  spirometer,  made  the  easily 
determinable  vital  capacity  the  central  point  in  the  pulmometry  until  the  time 
of  Bohr,  half  a  century  later.  Hutchinson  reaUzed  that,  should  the  vital  capac- 
ity be  of  any  importance  in  clinical  medicine,  it  was  necessary  to  find  some  rela- 
tionship to  other  body  figures.  For  that  purpose  he  examined  1,012  normal  men 
and  women  and  found  that  there  was  a  certain  relationship  between  the  height 
and  the  vital  capacity.  He  worked  out  the  figures  by  means  of  which  it  should 
be  possible  to  calculate  the  normal  vital  capacity  from  the  height  of  the  person. 
He  showed  that  the  weight,  age,  and  sex  might  modify  these  figures  to  a  slight 
extent.  Between  the  vital  capacity  and  the  circumference  of  the  chest  he  could 
not  find  any  proportion  at  all.  Simon  (1848)  confirmed  Hutchinson's  results  as 
far  as  height  was  concerned,  but  he  found  that  if  only  lean  persons  were  used,  there 
was  some  relation  between  the  vital  capacity  and  the  circumference  of  the  chest. 
Fabius  (1853)  found  a  rather  close  relation  between  the  vital  capacity  and  the 
volume  of  the  trunk,  which  he  calculated  from  the  circumference  of  the  chest  and 
the  distance  from  the  neck  (eminentia  occipitalis)  to  the  tip  of  the  os  coccygis. 
His  first  idea  was  to  compare  the  vital  capacity  with  the  "chest  volume";  he  gave 
that  up  because  he  was  unable  to  obtain  any  figures  for  the  chest  volume.  Ap- 
parently without  knowing  Fabius'  publication,  Miiller  (1868)  and  Schonfeld  (1882) 
found  the  same  thing.  The  idea  of  Fabius  (Miiller  and  Schonfeld)  did  not  attract 
much  attention  and  was  never  used  by  others  in  clinical  medicine.  Hutchinson's 
old  idea  of  calculating  the  vital  capacity  from  the  height  prevailed  and  was 
generally  used,  sometimes  with  a  slight  modification  of  the  constant  and  some- 
times in  combination  with  a  correction  for  weight  or  age  (Schneevoogt,  1854). 

Wintrich  (1854),  Arnold  (1855),  von  Ziemssen  (1888),  Cornet  (1907),  and 
Peabody  (1917)  have  all  adopted  the  principle  laid  down  by  Hutchinson,  even  if 
they  have  used  it  in  a  somewhat  different  way.  Von  Ziemssen,  for  instance,  used 
a  quotient  (1:  20  in  men  and  1: 17  in  women)  to  express  the  ratio  between  vital 
capacity  and  height.  This  quotient  (Ziemssen's  quotient)  has  been  used 
in  several  papers,  particularly  in  papers  dealing  with  the  vital  capacity  in 
people  suffering  from  tuberculosis.  Peabody  divides  his  patients  (heart  pa- 
tients) into  four  groups,  according  to  the  height. 

A  relationship  between  the  residual  air  and  other  body  factors  has  not  been 
worked  out.  Only  some  rather  rough  estimates  have  been  adopted  (Schenck, 
1894). 

Bohr  was  the  creator  of  a  new  era  in  pulmometry.  He  objected  to  the  use  of 
Hutchinson's  figures  for  estimating  the  normal  vital  capacity  from  the  height 
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because  the  individual  variations  are  too  great.  He  furthermore  objected  to 
exclusive  use  of  the  vital  capacity,  because  it  does  not  take  the  total  or  residual 
air  into  consideration.  He  and  his  pupils  (Hasselbalch,  Rubow,  Siebeck,  and 
Bie  and  Maar)  in  several  publications  investigated  the  relation  between  the  total 
lung  volume,  the  middle  capacity,  and  the  residual  air  under  normal  and  patho- 
logic conditions,  and  put  less  stress  on  the  absolute  figures  than  on  their  rela- 
tionships. The  problems  raised  by  these  investigators  have  attracted  attention 
for  a  good  many  years. 

Delerminalion  of  the  "Chest  Volume"  and  Calculations  of  a  Ratio  be- 
tween Chest  Volume  and  Lung  Volume  in  Different  Positions  of  the 
Chest  {Full  Inspiration,  Rest,  and  Full  Expiration) . 

The  problem  of  finding  an  accurate  relationship  between  the  lung 
volume  and  chest  or  body  size  remained  unsolved.  It  seemed  to  us, 
however,  that  it  might  be  possible  to  approach  the  solution  by  using 
the  chest  volume  as  the  constant  and  the  lung  volume  as  the  variable. 
The  reason  for  this  seems  obvious  when  we  consider  the  chest  wall  as 
a  sort  of  spirometer.  When  a  person  is  respiring  from  a  spirometer, 
it  is  a  natural  thing  to  look  upon  the  chest  wall  as  another  spirometer 
connected  with  the  first  one  and  moving  inversely  to  the  latter.  And 
if  we  take  different  individuals  it  is  natural  to  regard  their  chests  as 
spirometers  containing  different  amounts  of  air. 

The  x-ray  pictures  (Figs.  1  and  2)  illustrate  fairly  well  what  we 
mean.  Fig.  i  (No.  7,  Table  III)  is  from  the  same  person  with 
the  chest  in  full  inspiration  and  expiration.  Fig.  2  is  from  two 
different  persons  (Nos.  1  and  11)  and  shows  the  possibilities  of  indi- 
vidual variation.  Our  problem  was  to  find  measurements  which 
could  be  used  in  calculating  the  chest  volume,  which  alone  seemed  a 
logical  basis  for  calculation  of  lung  capacity.  The  old  idea  of  using 
the  chest  circumference  must  be  given  up  because  the  muscles,  fat, 
and  breasts  give  room  for  a  considerable  error.  It  seems  obvious  that 
the  best  way  is  to  consider  the  chest  as  a  geometrical  figure  and  take 
three  dimensions,  the  product  of  which  will  represent  a  volume  pro- 
portional to  the  chest  volume.  We  have  then  to  measure  the  height, 
depth,  and  breadth  of  the  chest  and  to  do  it  in  such  a  way  that  (1) 
the  fat  and  muscles  play  as  small  a  part  as  possible,  (2)  the  different 
diameters  represent  parts  of  the  chest  wall  which  move  in  fair  ac- 
cordance to  the  respiration. 
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After  some  consideration  and  experiments  we  came  to  the  following 
procedure  which  has  been  used  in  all  our  cases.  The  height  of  the 
chest  is  taken  as  the  length  of  the  sternum  from  incisio  intraclavicu- 
laris  to  a  point  just  below  articulatio  sterno-xiphoidea.  The  depth  is 
then  taken  as  the  horizontal  distance  from  the  middle  of  the  sternum 
at  the  insertion  of  the  third  rib  to  the  spinal  column,  and  the  breadth 
is  the  distance  across  the  sixth  ribs  in  the  midaxillary  line.  The 
points  between  which  the  measures  are  taken  are  almost  without  any 
muscular  covering.     The  transverse  points  are  in  the  axilla  between 


Text-Fig.  5.  Points  on  the  thorax  where  the  chest  measurements  are  taken. 
AB  is  the  height  of  the  chest,  CD  the  breadth,  and  EF  the  depth. 


musculus  pectoralis  major  and  musculus  latissimus  dorsi.  The 
distances  representing  the  depth  and  breadth  vary  with  the  phases 
of  inspiration;  the  height  is  constant  (Text-fig.  5). 

The  measuring  requires  some  practice  and  a  good  deal  of  care.  We 
do  it  in  the  following  way:  The  person  stands  in  a  natural  position. 
The  points  are  found  and  marked.  The  point  on  the  upper  part  of 
the  sternum  is  rather  easy  to  find;  it  is  just  above  the  edge  of  the 
bone.  The  lower  point  is  sometimes  very  difficult  to  locate.  We  do 
it  as  follows:  The  curvature  is  found  and  lines  are  drawn  to  indicate 
it.  Then  we  try  to  find  the  joint  between  the  sternum  and  processus 
xiphoideus.  It  is  usually  slightly  prominent.  The  point  from  which 
we  measure  is  just  below  that  prominent  ridge.     Locating  the  tip 
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of  the  processus  xiphoideus  sometimes  helps,  but  it  cannot  always  be 
done.  The  lateral  points  are  easy  to  find  by  counting  the  ribs.  In 
taking  the  measure  it  is  necessary  to  put  the  nodes  of  the  pelvimeter 
tight  to  the  chest  wall  in  order  to  get  as  close  to  the  bone  as  possible. 
It  is  particularly  necessary  to  take  care  that  the  ends  of  the  pelvim- 
eter do  not  sUp  and  go  into  the  intercostal  spaces.  The  first  meas- 
ures are  taken  in  rest  (half-way  between  normal  expiration  and  in- 
spiration, position  of  middle  capacity).  The  pelvimeter  is  kept  on  and 
the  person  is  requested  to  take  a  maximum  inspiration  and  stop  a 
second  while  the  measures  are  taken.  Then  he  is  asked  to  expire  to 
the  residual  air  and  stop  for  another  measurement.  The  product  of 
the  figures  obtained  does  not,  of  course,  represent  the  real  chest  vol- 
ume, but  a  volume  approximately  proportional  to  it. 

In  Table  V  are  given  the  data  on  dift'erent  normal  individuals.  The 
product  of  the  measurements  in  the  three  dimensions  is  given  as  the 
chest  volume  and  the  ratio  between  the  chest  volume  and  lung 
volume  calculated  as 

100  X  lung  volume 
chest  volume 

The  average  ratio  for  the  total  lung  capacity  is  55,  for  the  middle 
capacity  37,  and  for  the  residual  air  19. 

The  curves  of  Text-fig.  6  show  the  dift'erent  chest  volumes  multi- 
plied by  these  factors  (reduced  chest  volume).  It  will  be  seen  that 
there  is  a  close  agreement  between  the  reduced  chest  volumes  and 
the  actual  lung  capacities.  We  have  plotted  the  height  on  the  upper 
part  of  the  chart  to  show  that  the  relations  between  the  difi'erent 
lung  volumes  and  the  height  are  much  more  variable  than  the  rela- 
tions between  the  lung  and  chest  volumes.  The  relationship  between 
height  and  vital  capacity  (Hutchinson)  is  equally  variable.  The 
vital  capacity,  on  the  other  hand,  bears  nearly  as  constant  a  ratio 
to  the  reduced  chest  volume  as  do  the  total  or  middle  capacities. 
The  average  ratio  between  the  vital  capacity  and  the  middle  chest 
volume  is  45  (Table  VI) . 


cm. 

190 


1&    11     17     15     16    10    14    9     13    12    85     6743^1 


Height 


Maximum 
Inspiration 


Middle 
Position 


Maximum 
Expiration 


Haximum  move- 
.40      ^5     5.5    45    45    45     65      -    45     -     45     55    55     £5     60    -     55    60f  Jf.J^^™ 


Text-Fig.  6.  Chart  showing  air  contents  of  lungs  (lung  volumes)  in  normal  subjects  as  determined  in  the  three  respiratory  posi- 
tions by  the  dilution  method  (solid  lines)  and  as  calculated  from  the  thoracic  measurements  (broken  lines).  The  subjects  are  arranged 
in  order  according  to  chest  volumes  measured  at  maximum  inspiration.  The  numbers  above  the  chart  are  those  by  which  the  same 
subjects  are  designated  in  Te.\t-fig.  4.  The  numbers  below  indicate  the  maximum  etcursion  of  the  right  and  left  diaphragm  in  cen- 
timeters, as  calculated  from  fluoroscopic  tracings. 
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TABLE   V. 

Swnnmry  of  Thorax  Measurements  in  the  Three  Positions  of  Respiration,  Namely, 

Expiration,  Rest,  and  Inspiration,  and  Ratios  of  Chest  Volumes  Calculated 

from  These  Measurements  to  Lung  Volumes. 


No.  of 
individ- 
ual. 

Name. 

Position  of 
chest. 

Ster- 

Diam 

eter. 

Chest 
volume. 

Lung 
volume. 

Ratio 

Ant.- 
Post. 

Trans- 

100  X  1  ng  volume 

chest  volume 

1 

Dr.  P. 

Expiration. 

Rest. 

Inspiration. 

22.0 
22.0 
22.0 

21.0 

22.0 
24.0 

29.5 
31.0 

32.5 

tilers 

13.63 

15.00 

17.15 

titers 
2.48 
4.88 

8.22 

18.2 

32.0 
48.0 

2 

Dr.  J. 

Expiration. 

Rest. 

Inspiration. 

21.0 
21.0 
21.0 

17.5 
19.5 
21.0 

29.0 
30.5 
32.0 

10.65 
12.49 
14.08 

2.10 

4.70 
8.05 

19.7 
37.6 
57.2 

3 

Dr.  Do. 

Expiration. 

Rest. 

Inspiration. 

20.5 
20. S 
20.5 

17.0 
18.5 
20.0 

29.5 
30.0 
32.0 

10.28 
11.36 
13.12 

1.86 
4.63 
7.20 

18.1 
54.8 

4 

Dr.  F. 

Expiration. 

Rest. 

Inspiration. 

19.5 
19.5 
19.5 

18.5 
19.0 
20.0 

26.0 
28.0 
30.0 

9.38 
10.38 
11.70 

1.87 
3.89 
6.51 

19.9 

37.5 
55.6 

5 

Dr.  S. 

Expiration. 

Rest. 

Inspiration. 

18.0 
18.0 
18.0 

18.5 
19.5 
20.0 

27.5 
28.5 
30.5 

9.15 
10.00 
11.00 

1.47 
3.45 
6.24 

16.1 
34.5 
56.7 

6 

Dr.  D. 

Expiration. 

Rest. 

Inspiration. 

20.5 
20.5 
20.5 

18.5 
19.5 
21.5 

24.5 
25.5 
26.5 

9.30 
10.20 
11.45 

1.52 
3.56 
6.13 

16.4 
35.9 
.S3. 6 

7 

Dr.  C. 

Expiration. 

Rest. 

Inspiration. 

19.5 
19.5 
19.5 

17.5 
18.5 
20.0 

27.5 
28.0 
29.5 

9.39 
10.10 
11.50 

1.46 
3.31 
5.88 

15.6 
32.6 

51.1 

8 

Dr.  A. 

E.xpiration. 

Rest. 

Inspiration. 

20.0 
20.0 
20.0 

16.0 
17.0 
18.0 

24.5 
25.0 
27.5 

7.83 
8.50 
9.90 

1.61 
3.50 
5.88 

20.6 

41.2 
56.4 

9 

Dr.  M. 

Expiration. 

Rest. 

Inspiration. 

19.5 
19.5 
19.5 

15.5 
16.0 
17.0 

26.0 
26.5 
27.5 

7.86 
8.26 
9.11 

1.25 
2.99 
4.64 

16.4 
36.4 

51.0 

10 

Dr.  Mo. 

Expiration. 

Rest. 

Inspiration. 

19.0 
19.0 
19.0 

15.0 
16  0 

18.0 

22.0 
23,0 

24.5 

6.27 
6.99 

8.38 

1.41 
2.60 
4.56 

22.5 
37.4 
54.6 
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TABLE  V — Concluded. 


No.  of 

Name. 

Position  of 
chest. 

Stcr- 

Diameter. 

Chest 
TOlume. 

Lung 
volume. 

Ratio 

individ- 

Ant.- 
Post. 

Trans- 
verse. 

chest  volume 

11 

Dr.  K. 

Expiration. 

Rest. 

Inspiration. 

cm. 

16.0 
16.0 
16.0 

14.5 
15.0 
17.0 

24.0 
24.5 
25.0 

liUrs 
5.57 

5.88 
6.80 

liters 
1.53 
2.23 

3.84 

27.5 

37.9 
56.4 

12 

Mrs.  S. 

Expiration. 

Rest. 

Inspiration. 

17.5 
17.5 
17.5 

18.5 
19.0 
20.2 

24.5 
25.2 
27.5 

7.93 
8.38 
9.72 

1.64 
2.88 
5.10 

20.7 
34.3 
52.4 

13 

Miss  G. 

Expiration. 

Rest. 

Inspiration. 

18.3 
18.3 
18.3 

14.8 
16.5 
18.5 

25.3 
26.1 
27.3 

6.85 
7.88 
9.29 

1.42 
3.17 
5.05 

20.7 
40.3 

54.2 

14 

Mrs.  H. 

Expiration. 

Rest. 

Inspiration. 

17.2 
17.2 
17.2 

16.0 
17.1 
18.3 

24.8 
25.8 
28.3 

6.83 
7.77 
8.91 

1.07 
2.69 
4.91 

15.7 
34.6 
55.1 

IS 

Miss  C. 

Expiration. 

Rest. 

Inspiration. 

17.9 
17.9 
17.9 

13.9 
14.9 

15.7 

22.2 
22.6 
25.8 

5.52 
6.03 
7.25 

1.10 
2.40 
4.12 

19.9 

39.7 
55.8 

16 

Miss  L. 

Expiration. 

Rest. 

Inspiration. 

17.1 
17.1 
17.1 

14.9 
16.0 
17.3 

22.5 
23.4 
25.3 

5.73 
6.40 
7.49 

1.15 

2.45 
3.93 

20.0 
38.3 
52.4 

17 

Mrs.  A-. 

Expiration. 

Rest. 

Inspiration. 

16  2 
16.2 
16.2 

14.0 

15.5 
17.1 

23.5 
24.5 
25.4 

5.32 
6.15 
7.04 

0.97 
2.28 
3.93 

18.2 
37.1 
55.4 

18 

Miss  D. 

Expiration. 

Rest. 

Inspiration. 

17.1 
17.1 
17.1 

14.0 
15.0 
16.5 

22.1 
22.2 
23.2 

5.30 
5.79 
6.55 

1.15 
2.35 
3.72 

21.7 
40.3 
57.8 
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Excursions  of  the  Diaphragm. 

Realizing  that  the  measurement  of  the  chest  wall  does  not  give  us 
the  variations  in  the  height  of  the  thoracic  cavity,  we  have  made  a 
particular  study  of  the  movement  of  the  diaphragm  by  means  of  x-rays.* 
The  figures  are  given  in  Table  VI.     It  will  be  seen  that  there  is  one  man 

TABLE    VI. 
Maximum  Excursions  of  the  Right  and  Left  Diaphragm. 


c 

Name. 

Greatest  possible 
movement  of  dia- 
phragm. 

100  X  residual  air 

100  X  vital  capacity 

^^ 

Right. 

Left. 

Right 
+ 
left. 

chest  volume  at  expiration 

chest  volume  at  rest 

Men. 


1 

Dr.  P. 

5.5 

6  0 

11.5 

18.2 

38.3 

2 

"  J- 

4.5 

5.5 

10  0 

19.7 

47.7 

3 

"  Do. 

— 

— 

— 

18.1 

47.0 

4 

"  F. 

5.5 

6.0 

11.5 

19.9 

43.0 

5 

"  S. 

5.5 

5.5 

11,0 

16  1 

47.7 

6 

"  D. 

4.5 

5.5 

10.0 

16.4 

45.2 

7 

"   C. 

4.5 

6.5 

11.0 

15.6 

43.7 

8 

"  A. 

5.0 

4.5 

9.5 

20  6 

46.7 

9 

"  M. 

— 

— 

— 

16.4 

44.8 

10 

"  Mo. 

5.5 

4.5 

10  0 

22.5 

45.1 

11 

"  K. 

3,0 

3.5 

6.5 

27.5 

39.2 

12 

Mrs.  S. 







20.7 

41.3 

13 

Miss  G. 

4.5 

4.5 

9.0 

20  7 

46.1 

14 

Mrs.  H. 

5.0 

6.5 

11.5 

15.7 

49.4 

15 

Miss  C. 

5.5 

4.5 

10.0 

19  9 

50  1 

16 

"      L. 

5.5 

4.5 

10  0 

20  0 

43.5 

17 

Mrs.  A. 

4.5 

5.5 

10  0 

18.2 

48.1 

18 

Miss  D. 

4,5 

40 

8.5 

21.7 

44.4 

^  We  used  fluoroscopy.  Being  unable  to  use  parallel  light  we  worked  out  a 
correction  for  the  parallax  by  measuring  the  distance  from  the  light  to  the  screen 
(50  cm.)  and  the  distance  from  the  light  to  the  middle  part  of  the  diaphragm  (35 
cm.).  The  correction  is  very  close  to  0.7  in  all  instances;  for  that  reason  all  our 
directly  found  values  have  been  multiplied  by  that  factor. 
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with  a  very  small  movement  of  his  diaphragm.  His  residual  air  is  un- 
usually great  (Te.xt-figs.  4  and  6).  He  apparently  expired  naturally  as 
far  as  the  thoracic  movement  was  concerned,  but  was  unable  to  press 
his  diaphragm  up  at  the  end  of  the  expiration.  He  was  a  physically 
untrained  man,  with  rather  undeveloped  abdominal  musculature.  A 
too  small  movement  of  the  diaphragm  might,  of  course,  indicate  that 
he  was  unable  to  lower  it  during  inspiration.  The  normal  figures  for 
his  total  capacity  and  the  abnormally  high  figure  for  his  residual  air 
prove  that  this  was  not  the  case.  One  of  the  women  (No.  14,  Table 
V  and  Text-fig.  4)  had  a  particularly  small  residual  ratio,  15.7.  It 
will  be  seen  that  the  movement  of  her  diaphragm  is  very  extensive. 
She  had  been  trained  in  college  to  breathe  very  deeply  and  had  pow- 
erful abdominal  muscles.  She  wore,  like  all  the  other  women,  a 
rather  loose  corset  during  the  determination.  The  importance  of  the 
movements  of  the  diaphragm  will  be  discussed  more  in  a  later  paper. 


1 .  The  total  capacity,  middle  capacity,  and  residual  air  have  been 
determined  on  11  normal  men  and  7  normal  women.  All  the  deter- 
minations have  been  done  on  subjects  in  standing  position  and  at 
least  2. hours  after  a  meal. 

2.  The  figures  for  the  total  and  middle  capacities  agree  with  those 
of  previous  investigators,  particularly  with  Bohr's.  The  values  for 
the  residual  air  seem  to  be  a  little  higher  than  those  previously  pub- 
lished. 

3.  A  procedure  has  been  devised  by  means  of  which  it  has  been 
possible  to  find  a  numerical  relationship  between  external  chest 
measurements  and  lung  capacity. 

4.  With  the  aid  of  the  relationship  thus  ascertained  the  lung  capac- 
ity normal  for  a  chest  of  given  measurements  can  be  estimated. 

5.  The  excursions  of  the  diaphragm  have  been  studied. 
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EXPLANATION  OF  PLATES. 

Plate  3. 

Fig.  1.  Two  x-ray  pictures  from  a  normal  man,  No.  7,  taken  after  ma.\imum 
expiration  (a)  and  ma.\imimi  inspiration  (6).  The  outline  of  a  is  superimposed 
on  h. 

PUVTE  4. 

Fig.  2.  Two  x-ray  pictures  from  No.  11  (a)  and  No.  1  (6).  They  are  both, 
taken  in  ma.ximum  inspiratorj'  (Position,    a  is  superimix>sed  on  b. 
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STUDIES  OF  LUNG  VOLUME. 
11.  Tuberculous  Men. 

By  a.  GARVIN,  M.D.,  CHRISTEN  LUNDSGAARD,  M.D.,  and  DONALD  D.  VAN 
SLYKE,  Ph.D. 

(From  Ike  New  York  State  Sanatorium  for  Tuberculosis,  Ray  Brook,  and  the  Hospital 
of  The  Rockefeller  Institute  for  Medical  Research,  New  York.) 

CReceived  for  publication,  September  15,  1917.) 

Hutchinson,'  who  invented  the  spirometer  (1846),  determined  the  vital  capac- 
ity in  twenty-two  cases  of  early  and  nine  cases  of  advanced  pulmonary  tubercu- 
losis, and  found  that  the  vital  capacity  was  subnormal  in  all.  In  the  former  group 
he  found  a  decrease  of  from  10  to  50  per  cent,  in  the  latter  of  from  40  to  80  per 
cent.  He  calculated  the  normal  figures  from  the  height  of  the  patient.^  Since 
then  numerous  investigators,  for  example,  Simon  (1848),  Wintrich  (1854), 
Schneevoogt  (1854),^  Arnold  (1855),  Faivre  (1864),  Schonfeld  (1882),  and  Hecht 
(1885),  have  confirmed  this  observation,  and  since  von  Ziemssen  (1888)  introduced 
his  quotient''  for  the  relation  between  height  and  vital  capacity,  spirometry  has 
become  practically  a  matter  of  routine  in  many  climes. 

Despite  the  mass  of  data  gathered,  few  attempts  have  been  made  to  show  which 
of  the  factors  affecting  the  vital  capacity  are  responsible  for  its  decrease  in 
tuberculosis. 

Charlier  studied  the  residual  air  in  a  group  of  patients  with  pulmonary  tuber- 
culosis and  found  it  decreased.  Siebeck  e.xamined  the  different  lung  volumes 
(total  capacity,  middle  capacity,  and  residual  air)  in  five  patients  and  found  the 
total  capacity  diminished,  the  middle  capacity  about  normal,  the  residual  air 
increased,  and  the  vital  capacity  considerably  diminished.  However,  the  diffi- 
culty in  establishing  normal  figures  for  a  given  pathologic  case^  made  the  de- 

'  The  mere  title  of  Hutchinson's  article  shows  how  important  he  considered  the 
determination  of  the  vital  capacity  in  patients.  The  title  is,  "On  the  capacity 
of  the  lungs,  and  on  the  respiratory  functions,  with  a  view  of  establishing  a  pre- 
cise and  easy  method  of  detecting  disease  by  the  spirometer." 

^  For  a  detailed  discussion  see  Lundsgaard  and  V^an  Slyke. 

^  Schneevoogt  says:  Tuberculosis  of  the  lungs  particularly  will  become  appar- 
ent in  this  way  before  it  can  be  diagnosed  by  any  other  means. 

■*  Ziemssen's  quotient  is  1 :  20  in  men  and  1:17  in  women.  That  means  that 
1  cm.  of  height  corresponds  to  a  vital  capacity  of  20  (17)  cc. 

*  Siebeck  says  (p.  208) :  Not  knowing  the  normal  total  capacity  for  a  patient 
it  is  difficult  to  state  anything  about  a  deviation  from  the  normal. 
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termination  of  absolute  figures  rather  problematic.  In  other  words,  we  do  not 
know  whether  the  decrease  in  the  easily  determinable  vital  capacity  is  caused  by 
incomplete  expiration  (increased  residual  air)  or  by  lessened  inspiration  (decreased 
total  capacity).  It  is  the  purpose  of  the  present  paper  partially  to  fill  this  lack 
in  our  present  knowledge. 

In  a  previous  paper  two  of  us  (Lundsgaard  and  Van  Slyke)  have 
established  evidence  of  a  close  relation  between  the  dimensions  of  the 
chest  and  the  capacity  of  the  lungs  in  the  three  main  positions,— 
maximum  inspiration  giving  the  total  lung  voluiue,  rest  half-way 
between  a  normal  inspiration  and  expiration  giving  the  middle  ca- 
pacity of  the  lungs,  and  maximum  expiration  leaving  the  residual 
air  within  the  lungs.  The  ratios  between  the  "chest"  volumes" 
and  the  lung  volumes  were  worked  out  and  found  to  be  55  for  the 
total  capacity,  37  for  the  middle  capacity,  and  19  for  the  residual 
air.  The  individual  variations  were  within  10  per  cent  of  these 
averages.  Therefore,  the  chest  volume  multiplied  by  the  factor 
thus  determined  gives  the  lung  volume  normal  for  a  person  of 
ascertained  chest  measurements. 

The  technique  of  determining  the  lung  volumes  and  measuring 
the  chest  is  fully  described  in  Paper  I.  On  the  basis  of  our  results 
there  reported  we  have  made  an  investigation  of  the  lung  volumes  in 
51  adult  patients  suffering  from  pulmonary  tuberculosis.  This  paper 
is  a  report  of  our  findings  in  31  men.  Our  results  in  20  women  are 
reported  in  Paper  III.  The  technique  has  been  exactly  as  pre- 
viously described.  All  the  determinations  were  done  with  the 
patients  in  standing  position.  (1)  The  residual  air  was  determined 
by  the  dilution  method.  As  a  rule,  two  determinations  were  done, 
and  in  some  instances  several.  The  lowest  value  was  taken.  (2)  The 
vital  capacity  was  then  determined  by  expiration  into  a  calibrated, 
easily  movable  Krogh  spirometer.  The  expirations  were  continued 
until  constancy  was  obtained.  (3)  The  middle  capacity  was  de- 
tennined  by  normal  breathing  from  the  spirometer,  which  contained 
about  50  per  cent  oxygen,  and  the  movements  of  the  spirometer 
were  recorded.  When  sufficient  constancy  appeared,  the  patient 
was  asked  to  inspire  and  expire  as  much  as  possible,  the  vital  capacity 
being  controlled  in  this  way.  (4)  If  any  doubt  existed  about  the 
reliability  of  the  experiments,,  a  control  was  otitained  by  measuring 
the  total  capacity  by  the  dilution  method. 
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Having  determined  the  lung  volume,  the  chest  measurements  were 
taken  in  the  three  main  positions,  as  previously  described  (Lunds- 
gaard  and  Van  Slyke) .  In  a  number  the  measurements  were  checked 
by  two  of  us.  Determinations  of  the  movements  of  the  diaphragm 
on  a  maximum  respiration  by  means  of  x-ray  (fluoroscopy)  were 
then  performed.  The  values  were  corrected  (multiplied  by  0.7) 
for  parallax. 

The  other  part  of  the  investigation,  the  clinical  examination  of  the 
patient,  was  completed  within  a  few  days  after  the  lung  and  chest 
mieasurements.  It  consisted  of  (1)  stethoscopic  examination,  (2) 
two  x-ray  plates,  one  taken  from  the  front  and  one  from  the  back, 
(3)  determination  of  the  influence  of  a  certain  amount  of  exercise  on 
the  pulse  rate  and  respiration  (Table  I).  The  results  are  given  on 
a  chart  for  each  case  (Text-figs.  1  to  31).  The  different  chest  meas- 
urements are  reported,  because  the  relation  between  them  gives 
some  information  about  the  form  of  chest  in  each  particular  case. 
The  product  of  these  measures  is  called  chest  volume,  for  the  sake 
of  convenience,  although,  of  course,  it  is  only  approximately  pro- 
portional to  and  not  equal  to  the  real  chest  volume.  The  lung 
capacities  in  the  three  main  positions  are  given,  and  the  ratios  between 
the  chest  and  lung  volumes  calculated.  Besides  this  the  ratio  between 
the  vital  capacity  and  the  middle  chest  volume  is  calculated,  the 
normal  ratio  being  35  to  47.  Two  columns  represent  in  diagrammatic 
form  the  calculated  lung  volume'  and  that  actually  found.  The 
lowest  (cross-hatched)  part  indicates  the  residual  air,  the  rest  is  the 
vital  capacity  which  is  divided  by  a  line  indicating  the  upper  limit  of 
the  middle  capacity.  The  movements  of  the  diaphragm  are  given 
in  centimeters,  and  two  lines  indicate  approximately  the  position  of 
the  midriff  in  maximum  expiration  and  maximum  inspiration.  The 
stethoscopic  and  roentgenological  findings  are  shown  on  four  diagrams 
of  the  chest  wall.     The  following  symbols  are  used: 

Phyncal  Signs. — 
Light  lines,  slight  dullness. 
Heavy  lines,  moderate  dullness.  * 
Cross-hatching,  marked  dullness. 

^  The  calculated  lung  volume  means  simply  the  chest  volume  multiplied  by 
the  (average)  ratio  for  normal  subjects  which  was  established  in  Paper  I. 
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Fine  dols,  fine  rales. 

Larger  dots,  moderate  and  coarse  rales. 

Small  rings,  large  crackling  rales.  ' 

Crosses,  pleuritic  rubs. 

Circles,  antrum  formation. 

There  is  no  difference  in  the  interpretation  of  horizontal  and  vertical  lines. 

X-Ray  Signs. — 
Lightly  shaded  lines,  slight  density  of  shadow. 
Heavy  lines,  marked  density. 
Circles,  cavnty. 
Dots,  stippling,  the  larger  the  dots,  the  coarser  the  stippling. 

There  is  no  difference  in  the  interpretation  of  horizontal  and  vertical  lines. 

A  short  description  of  each  case  is  also  given.  The  observations 
on  the  pulse  and  respiration  before  and  after  exercise  are  not  given 
in  the  individual  charts  but  are  collected  in  Table  I.  In  order  to 
compare  the  findings  from  the  different  patients,  the  results  are 
presented  together  in  Text-figs.  32,  33,  and  34,  in  the  same  way  as 
the  normal  individuals  were  shown  in  a  previous  paper. ^ 

It  will  be  unnecessary  to  discuss  each  patient.  We  have  therefore 
divided  the  patients  into  three  groups  according  to  the  severity  of  the 
objective  sjonptoms:^  the  incipient,  the  moderately  advanced,  and 
the  advanced  cases. 

Patients  with  Incipient  Tuberculosis. 

Group  I  (Text-fig.  32)  indicates  nine  patients  (Nos.  1  to  9).  The 
results  in  this  group  deviate  appreciably  but  not  greatly  from  the 
normal.  The  most  conspicuous  difference  from  the  normal  individuals 
is  that  the  vital  capacity^  is  moderately  diminished  in  all  but  one 
case  (No.  1).  This  is  entirely  due  to  an  increase  in  the  residual 
air.  All  the  figures  for  the  total  capacity  are  within  the  normal 
limits;  four  below  and  five  above  the  normal  average.  The  residual 
air,  on  the  other  hand,  is  above  the  normal  average  in  all  but  one 

'  See  Text-fig.  6  of  Paper  I. 

'  We  have  followed  the  classification  of  The  American  Climatological  Associa- 
tion which  is  based  principally  on  Trudeau's  scheme  (cited  in  Rathbun,  W.  L., 
Am.  Rev.  Tuberc,  1917,  i,  13). 

'  See  the  ratio  for  the  vital  capacity  on  the  individual  charts  (Te.\t-figs.  1  to 
31). 
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patient  (No.  1).  The  middle  capacity,  which  was  determined  in  all 
but  one  patient,  is  not  far  from  the  normal  limits.  The  results 
in  this  group  (1)  serve  to  confirm  Hutchinson's  observations'" 
that  the  vital  capacity  was  diminished  even  in  early  tuberculosis, 
and  (2)  they  show  that  this  decrease  in  incipient  tuberculosis  is  not 
due  to  a  diminished  total  lung  volume,  as  previously  supposed,  but 
to  an  increased  residual  air.  The  increased  residual  air  is  the  result 
of  an  inability  to  expire  as  deeply  as  nonnally.  This  inabihty  to 
expire  is  apparent  in  the  decreased  movement  of  the  diaphragm  and 
the  decreased  difference  between  the  chest  volume  after  total  expira- 
tion and  in  the  middle  position.  Whether  it  is  mechanically  caused, 
by  stiffness  of  the  lungs,  or  is  due  to  a  reflex  preventing  compression, 
we  cannot  tell. 

Patients  with  Moderately  Advanced  and  Advanced  Tuberculosis. 

Group  II  includes  thirteen  moderately  advanced  cases  (Text-fig.  33, 
Nos.  10  to  22)  and  Group  III  nine  advanced  cases  (Text-fig.  34, 
Nos.  23  to  31).  The  two  groups  can  be  discussed  together  because 
the  differences  are  not  great.  The  picture  here  differs  materially 
from  that  found  in  normal  individuals  and  in  the  incipient  cases. 
The  vital  capacity  is  diminished  in  all  the  patients,  in  most  of 
them  very  considerably  (see  the  value  of  the  vital  ratio  in  Text-figs. 
1  to  31;  the  normal  is  42).  The  reason  for  this  decrease  is,  how- 
ever, principally  a  decrease  in  the  total  capacity,  which  is  only 
within  normal  limits  in  five  patients  in  Group  II  (Nos.  11,  12,  14, 
16,  and  19)  and  two  patients  in  Group  III  (Nos.  26  and  28).  The 
residual  air  is,  in  most  of  the  patients,  fairly  normal.  An  in- 
crease in  the  residual  air  is  found  only  in  Nos.  11,  12,  18,  and  19 
in  Group  II,  and  Nos.  26,  27,  28,  and  30  in  Group  III.  But,  as  a 
whole,  it  can  be  said  that  the  vital  capacity  in  the  cases  in  these  two 
groups  is  considerably  diminished,  due  principally  to  a  diminished 
total  capacity.  The  cause  of  the  diminished  total  capacity  is  not 
principally  due  to  an  impossibility  to  extend  the  thorax,  as  will  be  seen 
from  the  figures  for  the  chest  volumes.  A  comparison  of  the  figures 
for  the  chest  voliunes  in  the  three  positions  in  the  individual  sub- 

'"  Later  investigators,  as  mentioned,  have  reported  the  same  observations. 
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jects  shows  this.  The  essential  reason  is  simply  that  the  lungs  do 
not  have  so  much  air  space  as  in  normal  individuals.  It  is  a  direct 
expression  of  one  phase  of  the  pathologic  anatomic  process,  the 
proliferation.     Actual    cavities    may    presumabh'    increase    the    air 


TABLE    I. 

The  Influence  of  Change  of  Position  and  of  Exercise  on  Pulse  and  Respiration. 


Case 
No. 

Resting 
in  bed. 

Standing 
up. 

After  having  run  up  three  flights  of  stairs. 

No.  on 
individual 
diagrams. 

J 

'5, 

"a 

c 

1 

c< 

"c. 

Other  symptoms. 

Group  I. 

1 

4315 

72 

11 

106 

20 

110 

20 

None. 

2 

3606 

66 

14 

70 

16 

98 

14 

Headache. 

3 

4362 

74 

16 

86 

20 

100 

18 

Slight  palpitation  and  dyspnea. 

4 

4280 

70 

14 

80 

18 

102 

28 

"     dyspnea;  slight  flush. 

5 

4197 

96 

16 

106 

18 

120 

18 

"     palpitation  and  dyspnea. 

6 

4184 

72 

15 

88 

18 

102 

20 

"     dyspnea. 

7 

4326 

72 

15 

92 

18 

98 

18 

"          " 

9 

4254 

64 

16 

72 

18 

88 

18 

None. 

Group  II. 

10 

4028 

76 

20 

126 

24 

132 

24 

" 

•  11 

4148 

102 

22 

98 

22 

108 

28 

Irregular  pulse;  slight  dyspnea. 

13 

4229 

78 

24 

100 

22 

106 

20 

Moderate  dyspnea. 

14 

4090 

68 

14 

112 

14 

120 

14 

Slight               "       slight  palpitation 

15 

4039 

74 

14 

96 

16 

114 

16 

None. 

16 

3918 

76 

16 

104 

20 

104 

16 

Moderate  dyspnea;  palpitation. 

17 

4363 

80 

16 

100 

20 

110 

20 

Slight  palpitation  and  dyspnea. 

18 

3997 

88 

18 

100 

20 

120 

22 

Moderate  dyspnea. 

19 

4268 

64 

15 

102 

18 

102 

24 

Slight 

20 

4006 

66 

12 

112 

14 

120 

14 

"                  "        slight  palpitation. 

21 

4076 

72 

18 

100 

18 

88 

20 

Moderate        " 

22 

4082 

72 

8* 

100 

10 

112 

10 

Slight  flush. 

Group  III. 

25 

4300 

100 

14 

116 

16 

120 

16 

Moderate  dyspnea. 

26 

4127 

72 

14 

100 

14 

116 

14 

Slight 

27 

4317 

98 

20 

110 

24 

120 

28 

Moderate        "        headache;  flushes. 

28 

4346 

70 

14 

98 

16 

104 

14 

None. 

29 

3952 

76 

12 

136    14 

126 

16 

Slight  dyspnea;  flush. 

31 

4130 

112 

20 

120    17 

120 

30 

Marked    "        tremors;  flush. 

'  Verified  three  times. 
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capacity  of  the  lungs,  but  none  of  our  data  bears  evidence  of  this 
increase.  Probably  the  effect  of  cavity  formation  is  overcome  by 
that  of  the  proliferation.  The  difference  in  the  residual  air  in  incipient 
and  advanced  cases  is  pecuUar;  we  shall  not  discuss  it.  Previous 
investigators  found,  as  we  also  have  found,  a  decrease  in  the  vital 
capacity  corresponding  to  an  increase  in  the  clinical  symptoms 
(already  shown  by  Hutchinson  in  nine  patients  in  1846). 

We  attempted  to  discover  which  of  the  clinical  signs  would  cor- 
respond most  closely  to  our  findings,  but  have  given  this  up.  How- 
ever, it  seems  that  the  stethoscopic  findings,  particularly  the  extent 
of  the  rales,  have  a  closer  relation  than  the  x-ray  shadows  to  the 
decrease  in  total  and  vital  capacities.  More  light  on  this  problem 
is  highly  desirable.  We  beheve  that  the  best  way  to  add  to  present 
knowledge  will  be  to  follow  single  patients  over  considerable  periods 
of  time,  comparing  the  clinical  findings  with  the  pulmometry.  In 
Table  I  we  have  given  the  results  of  our  determinations  of  the  pulse 
rate  and  respiration  before  and  after  exercise.  We  think  that  no 
conclusions  can  be  drawn  from  them  at  present.  It  is  worth  mention- 
ing that  exercise  influences  the  rate  of  respiration  only  to  a  small 
extent,  whereas  the  pulse  rate  seems  to  be  abnormally  increased. 
The  determinations  of  the  movements  of  the  diaphragm  show  a 
smaller  excursion  than  we  found  in  normal  subjects.'  The  significance 
of  this,  as  far  as  the  lung  volumes  are  concerned,  has  already  been 
mentioned.  What  relation  it  has  to  the  pathologic  process  in  the 
lungs  is  not  yet  clear. 

StJMMARY. 

1.  The  total  capacity,  middle  capacity,  and  residual  air  have  been 
determined  in  31  adult  male  patients  suffering  from  tuberculosis  of 
the  lungs. 

2.  The  chest  volumes  have  been  determined  in  each  case  and  the 
normal  lung  volumes  calculated  by  means  of  the  ratios  worked  out 
in  a  previous  paper. 

3.  In  nine  patients  with  incipient  tuberculosis,  the  total  lung  volume 
was  found  within  normal  limits,  whereas  the  vital  capacity  was 
diminished  as  a  result  of  an  increased  residual  air. 

The  increase  in  the  residual  air  was  due  to  less  complete  expira- 
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tion,  caused  partly  by  diminished  movement  of  the  diaphragm, 
partly  by  diminished  compression  of  the  chest  wall.  The  diminished 
movement  of  the  diaphragm  was,  as  a  rule,  most  marked  on  the  most 
affected  side.  Whether  these  decreased  movements  are  due  to  a 
reflex  or  to  stiffness  of  the  lung  tissue  we  could  not  determine. 

The  middle  capacity  was  found  practically  normal. 

4.  In  twenty-two  cases  of  moderately  advanced  and  advanced 
tuberculosis,  the  total  lung  volume  was  in  most  cases  markedly 
decreased. 

The  vital  capacity  was  substantially  decreased,  principally  as 
a  result  of  the  diminished  total  capacity.  The  residual  air  was,  as 
a  rule,  normal,  although  in  a  few  cases  an  increase  in  residual  air 
also  contributed  to  the  decrease  in  the  vital  capacity. 

The  middle  capacity,  on  which  we  do  not  want  to  put  too  much 

stress,  was  normal  in  some  patients  and  considerably  diminished  in 

others. 
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No.l  (CASE  4315) 


Text- Fig.  1. 

No.  1   {Case  43 IS). — Male,  elevator  operator;  age  26  years.     Incipient;  inactive. 

Sputum ,  on  admission,  in  course  of  treatment,  and  at  present. 

Illness  began  about  7  years  ago  with  expectoration,  night  sweats,  and  pain  in  left 
chest.  Moderate  loss  in  weight;  moderate  dyspnea.  3  months  ago  slight  cough,  moder- 
ate expectoration,  slight  dyspnea,  and  pain  at  left  base.  His  general  and  his  lung  con- 
ditions have  improved  satisfactorily  under  sanatorium  treatment. 

ks. 

Height  165  cm.     Theoretical  normal  weight 62.0 

Present  weight 59 . 0 

Patient's  idea  of  normal  weight 56 . 5 

Date  of  highest  weight  0  months  ago 59.0 

"    "lowest       "      7        "        "  48.5 

Treatment  duration  3  months. 

Physical  Signs. — .\pril  9,  1917.  Moderate  dullness  at  right  apex.  No  great  change 
in  breath  sounds.  Few  coarse  rales  on  cough  above  right  clavicle,  posteriorly  a  few 
cUcks  above  spine  of  scapula.  Fine  rales  on  cough  at  left  apex  above  clavicle  and  in  the 
first  interspace.     Posteriorly  a  few  fine  rales  on  cough  above  the  spine  of  the  scapula. 

X-Ray  Signs. — .\pril  7,  1917.  Right  apex  and  first  interspace  moderately  infiltrated. 
Slight  infiltration  of  apex  and  first  interspace  on  left  side.  Mediastinal  contents  centrally 
placed. 
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No.2  (CASE  3606) 


Text-Fig.  2. 

No.  2  {Case  3606). — Male,  butcher;  age  27  years.  Incipient;  inactive.  Sputum 
—  ±  — ,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  30  months  ago  with  cough.  Gastric  disturbances;  loss  of  3  kg.  in  weight; 
marked  loss  in  strength.  Slight  hemoptysis  2  years  ago.  Under  sanatorium  treat- 
ment his  cough  has  entirely  disappeared;  expectoration  has  lessened;  general  physical 
condition  improved;  lung  signs  improved. 

kt- 

Height  174  cm.     Theoretical  normal  weight 68.0 

Present  weight 60 . 0 

Patient's  idea  of  normal  weight 60.0 

Date  of  highest  weight  12  months  ago 65 . 5 

"    "lowest        "      28     "  " 55.5 

Treatment  duration  22  months. 

Physical  Signs. — .\pril  9,  1917.  Slight  dullness  on  percussion  at  right  apex.  Breath 
sounds  at  right  apex  slightly  harsh.  No  riles.  No  change  in  percussion  of  left  lung. 
Breath  sounds  shghtly  weak  at  apex.  Fine  riles  on  cough  at  apex  to  second  rib  ante- 
riorly and  to  the  third  dorsal  spine  posteriorly. 

X-Ray  Signs. — ,\pril  7,  1917.  Right  apex  slightly  stippled  and  infiltrated.  Left 
apex  densely  infiltrated.  Chest  below  inner  end  of  clavicle  has  a  circular  cavity  IJ  cm. 
in  diameter.     Mediastinal  contents  normal. 
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No.  3  (CASE  4-362) 


POSITION 

CHEST      DIMENSIONS 

LUNG 
CAPACITY 

RATIO 

lOOX 

LUNG  CAP 

RATIO 
100  X 

VITAL  CAP 

STERNUM 

ANIPOST  HVNSVERSt 

■CHCST 

volume:" 

CHEST  VOL 

CHEST  VOL, 

REST 

cm. 

19.5 

cm. 
17.6 

cm. 

Z4.6 

liters 

8.47 

lilers 

4.03 

477 

45.8 

MAX1N5P 

19.5 

19.1 

26.1 

9.73 

568 

5S.4' 

MAXIXR 

19.5 

170 

24^.0 

7  95 

2.08 

26.1 

Text-Fig.  .3. 

No.  3  (Case  4362). — Male,  chauffeur;  age  29  years.  Incipient;  inactive.  Sputum + 
on  admission. 

Onset  9  months  ago.  ilalaise  and  tendency  to  tire  easily;  later  a  few  night  sweats; 
loss  of  2  kg.  in   weight.     Doing  well  under  sanatorium  treatment,  with  no  marked 

symptoms.  i 

ks- 

Height  173  cm.     Theoretical  normal  weight 68.5 

Present  weight 62 . 5 

Patient's  idea  of  normal  weight 63.0 

Date  of  highest  weight  13  months  ago 63 . 0 

"    "  lowest       "        4      "  "  59.5 

Treatment  duration  1  month. 

Physical  5/gKs.— .\pril  9,  1917.  .Slight  dullness  at  right  apex.  No  great  change  in 
breath  sounds.     No  rales  heard. 

X-Ray  Signs.— .\pn\  7,  1917.  Right  ape.x  slight  haze.  Rest  of  lung  normal.  Left 
apex  verj'  slight  haze.  Rest  of  lung  normal.  Posteriorly  infiltration  of  both  apices 
more  dense  than  anteriorly.     Mediastinal  contents  normal. 
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No.  4    (CASE  4260) 


STERNUM  I  ANT:P0ST^RANSV[R5l|';^^o"^^ 


LUNG 
CAPACITY 


RATIO 

lOOX 

LUNG  CAP 


RATIO 
100  X 

VITAL  CAP 


Text-Fig.  4. 

No.  4  (Case  4280). — Male,  furrier;  age  27  years.  Incipient;  inactive.  Sputum 
—  —  — ,  on  admission,  in  course  of  treatment,  and  at  present. 

Illness  began  13  months  ago  with  pleurisy  at  right  base,  chills,  and  night  sweats. 
Cessation  of  symptoms  after  3  weeks  until  6  months  ago,  then  return  of  night  sweats, 
with  considerable  pain  in  chest.  Under  sanatorium  treatment  his  general  condition  has 
remained  continuously  good  and  he  has  had  practically  no  symptoms. 

kg. 

Height  171  cm.     Theoretical  normal  weight 68.0 

Present  weight 65 . 0 

Patient's  idea  of  normal  weight 67 . 0 

Date  of  highest  weight  1913 68.0 

"    "  lowest       "      7  months  ago 59 . 5 

Treatment  duration  4  months. 

Physical  Signs. — .\pril  9,  1917.  Moderate  dullness  at  right  ape.\  to  second  rib.  No 
marked  change  in  breath  sounds.  Medium  moist  r^les  on  cough  at  right  apex  from 
clavicle  to  third  rib  anteriorly,  and  from  the  apex  to  an  inch  above  the  angle  of  the  scap- 
ula posteriorly.     .\  few  medium  rales  on  cough  below  the  right  nipple. 

X-Ray  Signs. — April  7,  1917.  Right  apex  and  first  and  second  interspaces  moderately 
densely  infiltrated.  In  the  fourth  interspace  a  small  spot  of  stippling  3  cm.  in  diameter. 
A  cavity  posteriorly  in  the  third  interspace  2\  cm.  in  diameter.  Left  apex  slightly  stip- 
pled.    Mediastinal  contents  normal. 
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No.5('CASL4197J 

POSITION 

CHEST      DIMENSIONS 

LUNG 
CAPACITY 

RATIO 

100  X 

LUNG  CAP 

RATIO 

100  X 

VITAL  CAP 

STERNUM 

ANIPOST 

mmm. 

"CHtST 
VOLUME." 

CHESr  VOL 

CHEST  VOL 

REST 

21.3 

cm. 

18.8 

cm. 

25.2 

liters 

10.1 

litcrd 

395 

39.1 

3S.0 

MAXIIMSP 

21.3 

19.9 

272 

11.5 

6.55 

570 

hWEXP 

21.3 

18.0 

25.0 

9.6 

2.70 

28.1 

7 

& 

5 

an 

4 

LU 

5 

_j 

2 

'' '; 

;',:■ 

/ '  / , 

CALCULATH)  OBStRVED 
LUNG   CAPACITY 


Text- Fig.  .S. 

iVo.  5  (Case  4197). — Male,  glove  cutter;  age  19  years.  Incipient;  inactive.  Sputum 
h  +,  on  admission,  in  course  of  treatment,  and  at  present. 

Present  illness  began  8  months  ago  with  moderate  hemoptysis.  Later  moderate 
cough  with  profuse  expectoration.  Occasional  night  sweats.  He  has  been  in  good 
general  condition  during  his  stay  in  the  sanatorium;  still  has  a  slight  cough  and  sUght 
expectoration.     His  lung  condition  seems  unchanged. 

ks- 

Height  175  cm.     Theoretical  normal  weight 67 . 5 

Present  weight 71.5 

Patient's  idea  of  normal  weight 68 . 0 

Date  of  highest  weight  4  months  ago 72 . 5 

"    "  lowest       "     19      "  " 66 . 0 

Treatment  duration  6  months. 

Physical  Signs. — .-Vpril  9,  1917.  Slight  dullness  at  right  apex  to  second  rib  anteriorly 
and  third  spine  posteriorly.  Breath  sounds  slightly  harsh  in  the  same  area.  Fine 
rales  on  cough  from  the  apex  to  the  third  rib  anteriorly  and  to  the  third  spine  posteriorly. 

X-Ray  Signs. — .\pril  7,  1917.  Right  apex  and  first  and  second  interspaces  moder- 
ately densely  infiltrated.     Mediastinal  contents  normal. 
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No.6  (CASE41S4) 


Text-Fig.  6. 

No.  6  (Case  4184). — Male,  machinist;  age  20  years.  Incipient;  inactive.  Sputum 
+  +  +,  on  admission,  in  course  of  treatment,  and  at  present. 

Present  illness  began  10  months  ago  with  malaise,  slight  morning  cough,  and  expec- 
toration; frequent  night  sweats.  Pain  in  upper  part  of  right  lung.  Streaked  sputum 
occasionally  for  the  first  3  months.  His  general  condition  has  been  good  under  sana- 
torium treatment;  stUl  has  slight  cough  with  moderate  expectoration,  occasionally  blood- 
streaked.    His  lung  signs  have  slightly  increased. 

kg. 

Height  178  cm.     Theoretical  normal  weight 69.5 

Present  weight 75.0 

Patient's  idea  of  normal  weight 71.5 

Date  of  highest  weight  4  months  ago 76.0 

"    "  lowest       "       7        "        "     69.0 

Treatment  duration  6  months. 

Physical  Signs. — April  9,  1917.  Slight  dullness  at  right  apex  to  second  rib  anteriorly 
and  to  the  second  spine  posteriorly.  Breath  sounds  slightly  harsh  in  this  area.  Medium 
moist  rales  on  cough  at  left  apex  to  the  second  rib  anteriorly  and  to  the  third  dorsal  spine 
posteriorly. 

X-Ray  Signs. — .Xpril  7,  1917.  Right  apex  and  first  interspace  slightly  infiltrated. 
Left  apex  and  first  and  second  interspaces  slightly  stippled  and  infiltrated.  Mediastinal 
contents  normal. 
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No.7   (CASE  4326) 


POSITION 

CHEST      DIMENSIONS 

LUNG 
[CAPACITY 

RATIO 

100  X 

LUNO  CAP 

RATIO 

100  X 

VITAL  CAP 

STERNUM 

ANTP0STlRi>NSV[R5E 

"CMtST 
VOLUME.- 

CHEST  VOL 

CHEST  VOL 

REST 

cm 

20.7 

cm 

19.0 

cm, 

2G.1 

liters 

10.25 

liters 

4.51 

440 

41.9 

MAXINSP 

Z0.7 

20.8 

273 

11.75 

6.83 

58.1 

MAX  EXP 

207 

16.4 

Z5.5 

9.71 

2.53 

24.5 

Text-Fig.  7. 

A'o.  ~  (Case  4326). — Male,  butcher;  age  38  years.  Incipient;  inactive.  Sputum 
—  —  — ,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  26  months  ago  with  malaise  and  tendency  to  tire  readily.  6  months  ago  fever, 
chills,  slight  dyspnea,  slight  cough,  and  expectoration.  His  general  condition  has  been 
greatly  improved  since  admission  to  the  hospital  and  his  lung  condition  markedly  bettered. 

ks. 

Height  173  cm.     Theoretical  normal  weight 71.5 

Present  weight 68 . 0 

Patient's  idea  of  normal  weight 59 . 0 

Date  of  highest  weight  1  month  ago 68 . 5 

"    "  lowest       "       4  months  " 59 . 0 

Treatment  duration  2  months. 


Physical  Signs. — April  9,  1917.  Slight  dullness  at  right  ape.x,  especially  at  inner  end 
of  first  interspace.  Breath  sounds  slightly  increased  at  left  apex,  both  anteriorly  and 
posteriorly.     Very  few  fine  rales  on  cough  at  right  apex  above  the  cla\acle. 

X-Ray  Signs.— .\prA  7,  1917.  Right  apex  moderately  densely  spotted  and  striated. 
Left  apex  moderately  densely  spotted  and  striated.     Mediastinal  contents  normal. 
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No.8(CASL365l) 


Text-Fig.  8. 

No.  8  (Case  3651). — Male,  machinist;  age  31  years.  Incipient;  inactive.  Sputum 
+  =''  — ,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  6  years,  8  months  ago  with  cough  and  night  sweats.  Loss  of  4.5  kg.  in  weight. 
Frequent  small  hemoptyses.  Expectoration  slight.  Under  sanatorium  treatment  he 
has  remained  in  ver>-  good  general  condition  with  good  improvement  in  lung  condition. 

Height  183  cm.     Theoretical  normal  weight 77.0 

Present  weight 75.0 

Patient's  idea  of  normal  weight 74.0 

Date  of  highest  weight  8  years  ago "9.5 

"    "  lowest       "       7  months "    74 . 0 

Treatment  duration  22  months. 
Physical  Signs. — .April  9,  1917.     Percussion  resonance  of  right  apex  slightly  impaired. 
Breath  sounds  slightly  increased  at  right  apex.     No  rales  heard,  before  or  after  cough. 
The  patient  had  a  small  hemorrhage  of  5  cc.  24  hours  alter  the  measurements  were  taken, 
caused  by  slipping  on  ice. 

X-Ray  Signs. — Right  apex  quite  densely  spotted  and  striated.  Mediastinal  contents 
normal. 


A.    GARVIN,    C.    LUNDSGAARD,    AND    D.    D.    VAN    SLYKE 
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No.9rCASE4254) 


Text-Fig.  9. 
No.   9   {Case  425-^).— Male,  carpenter;  age  38  years.     Incipient;    active.     Sputum 
—  =t  — ,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  8  months  ago  with  cough.  E.\-pectoration  slight  at  first,  later  moderate.  Head- 
aches; slight  dyspnea.  Loss  of  3  kg.  in  weight.  His  lung  condition  has  improved  under 
sanatorium  treatment  and  his  general  physical  condition  has  been  excellent. 

kg. 

Height  170  cm.     Theoretical  normal  weight 69.5 

Present  weight al .5 

Patient's  idea  of  normal  weight 80 . 5 

Date  of  highest  weight  0  months  ago 87 . 5 

"    "lowest       "       8      "  "   76.5 

Treatment  duration  5  months. 
Physical  Signs.— .\pn\  9,  1917.     No  great  percussion  changes.     Xo  marked  changes  in 
respiratory  sounds.     Few  fine  rales  on  cough  at  the  inner  end  of  the  first  interspace  on 
the  left  side. 

X-Ray  5/g);j.— April  7,  1917.  Right  apex  and  first  interspace  densely  infiltrated. 
Left  ape.x  and  first  interspace  slightly  infiltrated.     Mediastinal  contents  normal. 


No.  10  CASE  402&) 


Text-Fig.  10. 

No.  10  (Case  4028). — Male,  student;  age  17  years.     Moderately  advanced;  active. 

Sputum h  +,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  13  months  ago  with  a  cold.  Cough  severe;  expectoration  slight.  Moderate 
dyspnea.  Occasional  chills.  2  weeks  after  onset  a  profuse  hemoptysis.  Loss  of  2.7  kg. 
in  weight.  His  symptoms  remain  about  the  same  under  sanatorium  treatment.  Physi- 
cal signs  have  increased.     General  condition  remains  fair. 

*!• 

Height  168  cm.     Theoretical  normal  weight 57.5 

Present  weight 61.0 

Patient's  idea  of  normal  weight 59 . 0 

Date  of  highest  weight  0  months  ago 61 .0 

"    "lowest       "       7      "  "  48.0 

Treatment  duration  11  months. 

Physical  Signs. — April  9,  1917.  Moderate  dullness  at  right  apex  to  second  rib  anterior- 
ly and  third  spine  posteriorly.  Slight  dullness  at  left  apex  to  second  rib  anteriorly  and 
third  spine  posteriorly.  Breath  sounds  moderately  harsh  at  right  upper  thorax.  Breath 
sounds  feeble  at  left  upper  thorax.  R4les  on  cough,  fine  and  medium,  at  right  apex  to 
fourth  spine  posteriorly.  ^ledium  riles  on  cough  at  left  apex  to  third  rib  anteriorly  and 
fourth  spine  posteriorly. 

X-Ray  Signs. — .-Vpril  7,  1917.  Right  apex  and  first,  second,  and  third  interspaces 
moderately  stippled.  Left  apex  and  first,  second,  and  third  interspaces  moderately 
stippled.     Mediastinal  contents  normal. 
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No.lirCASE  4148) 


POSITION 

CHEST      DIMENSIONS 

LUNG 
CAPACITY 

RATIO 

loox 

LUNG  CAP 

RATIO 

lOOX 

VITAL  CAP 

STERNUM 

ANTPOST IRANSVER5L 

"CHEST 
VOLUME." 

CHEST  VOL 

CHEST  VOL 

RtST 

cm. 

i9.e 

cm. 

17.  Z 

cm. 

24.1 

liters 

1.3Z 

lilerj 

3.05 

Sft.S 

37  7 

MAXINSP 

19.Z 

1B.6 

Z5.9 

9.?.5 

4.90 

53.0 

MAXEXP 

19.Z 

I6.ft 

2.3.9 

772 

1.90 

Z4.e 

Te.xt-Fig.  11. 

No.  11  (Case  4148). — Male,  freight  house  clerk;  age  23  years.  Moderately  advanced; 
inactive.     Sputum  +  =1=  — ,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  18  months  ago  with  hemoptysis.  Cough  moderate;  expectoration  slight.  Few 
night  sweats.  Loss  of  4.5  kg.  in  weight.  During  his  sanatorium  stay  he  has  remained 
in  good  general  condition.     Lung  condition  slightly  improved. 

*?■ 

Height  175  cm.     Theoretical  normal  weight 69 .0 

Present  weight 59 . 5 

Patient's  idea  of  normal  weight 56 . 0 

Date  of  highest  weight  1  month  ago 60 . 5 

"    "  lowest       "       7  months  "    50. 5 

Treatment  duration  7  months. 

Physical  Signs. — .\pril  9,  1917.  Slight  dullness  at  right  base  posteriorly.  No  great 
change  in  breath  sounds.  Fine  moist  r41es  on  cough  at  left  ape.x  above  the  clavicle. 
Fine  moist  rales  on  cough  at  the  left  anterior  third  and  fourth  interspaces  in  the  region  of 
the  nipple.  Fine  moist  rales  on  cough  posteriorly  on  the  right  side  from  the  spine  of 
the  scapula  above  to  the  base 

X-Ray  Signs. — .\pril  7,  1917.  Right,  iine  stipplings  from  the  apex  to  the  fourth 
interspace.  Left,  moderate  stippling  from  the  apex  to  the  second  interspace.  Medias- 
tinal contents  slightly  to  the  right. 
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Text- Fig.  12. 

iVo.  12  {Case  3990). — Male,  machinist;  age  25  years.     Moderately  advanced;  inactive. 

Sputum ,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  30  months  ago  with  hemoptysis.  Loss  of  4  kg.  in  weight.  Pain  in  chest  slight. 
Slight  dyspnea.  Slight  expectoration.  During  his  hospital  stay  he  has  remained  in 
fair'general  condition  with  moderate  improvement  in  lung  condition. 

kg. 

Height  170  cm.     Theoretical  normal  weight 65.5 

Present  weight 65 .  S 

Patient's  idea  of  normal  weight 60. S 

Date  of  highest  weight  10  months  ago 68 .0 

"     "  lowest       "       2  years        "    58 . 5 

Treatment  duration  12  months. 

Physical  Signs. — April  9,  1917.  Dullness  at  upper  part  of  right  lung  anteriorly  to  the 
second  rib.  Increased  breath  sounds  at  upper  part  of  right  lung  anteriorly  to  the  second 
rib  and  posteriorly  to  the  spine  of  the  scapula.  Medium  moist  riles  on  cough  at  the 
right  ape.x,  above  the  clavicle  anteriorly,  and  to  the  spine  of  the  scapula  posteriorly. 

X-Ray  Signs. — .'^pril  7,  1917.  Right  apex  and  first  and  second  interspaces  quite 
densely  spotted  and  striated.  The  third  and  fourth  interspaces  show  ver\-  fine  spottings. 
Left  apex  slightly  spotted;  rest  of  lung  normal.     Mediastinal  contents  normal. 
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POSITION 

CHEST      DIMENSIONS 

LUNG 
CAPACITY 

RATIO 

100  X 

LUNG  CAP 

RATIO 

100  X 
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Text-Fig.  13. 

No.  13  (Case  4229). — Male,  music  teacher;  age  42  years.  Moderately  advanced; 
active.     Sputum  +  -|-  +,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  12  months  ago  with  hea\'y  cold.  Cough  moderate;  e.xpectoration  profuse 
after  2  weeks.  Dyspnea  moderate.  Loss  of  2.7  kg.  in  weight.  2  months  after  onset 
profuse  hemoptysis.  Pain  in  left  side.  Under  treatment  in  the  hospital  he  has  improved 
in  general  condition;  cough  and  expectoration  moderate.  The  physical  signs  remain 
about  the  same. 

kg. 

Height  170  cm.     Theoretical  normal  weight 70.0 

Present  weight 65 . 0 

Patient's  idea  of  normal  weight 61.0 

Date  of  highest  weight  2  months  ago 65 .5 

"    "  lowest       "      5      "  "  58 . 5 

Treatment  duration  5  months. 
Physical  Signs. — April  9,  1917.     Moderate  dullness  on  percussion  over  the  left  apex 
and  from  the  apex  to  the  third  rib  anteriorly  and  to  the  fourth  spine  posteriorly.     Breath 
sounds  moderately  harsh  in  this  area.     Rales  on  coughing,  fine  and  medium,  from  apex 
to  the  second  rib  anteriorly  and  to  the  fifth  spine  posteriorly. 

X-Ray  Signs. — .\pril  7,  1917.  Right  lung,  second  interspace  slightly  stippled.  Left 
upper  lobe  moderately  densely  spotted  and  stippled.  Mediastinal  contents  slightly 
to  the  left  above. 
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POSITION 

CHEST      DIMENSIONS 

LUNG 
CAPACITY 

RATIO 

lOOX 

LUNG  CAP 

RATIO 
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"CHCST 
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CHCST  VOL. 
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cm 
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11.4 

5.7 
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9.6 
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Text-Fig.  14. 

No.  14  {Case  4090). — Male,  lithographer;  age  32  years.  Moderately  advanced; 
inactive.     Sputum  +  ±  +,  on  admission,  in  course  of  treatment,  and  at  present. 

Present  illness  began  13  months  ago  with  neurasthenic  symptoms,  insomnia,  etc. 
2  months  later  slight  cough  with  scanty  expectoration;  no  other  symptoms.  Under 
sanatorium  treatment  his  cough  has  lessened.  Has  complained  of  insomnia.  General 
physical  condition  has  bettered.     His  lung  signs  have  improved  slightly. 

kg. 

Height  177  cm.     Theoretical  normal  weight 74.5 

Present  weight 76.0 

Patient's  idea  of  normal  weight 72.5 

Date  of  highest  weight  8  years    ago 85.0 

"    "  lowest       "       7  months "     69 . 5 

Treatment  duration  9  months. 

Physical  Signs. — .\pril  9,  1917.  Moderate  dullness  at  right  apex  to  second  rib  ante- 
riorly and  to  third  spine  posteriorly.  Moderately  harsh  breathing  in  this  area.  Breath 
sounds  slightly  feeble  at  left  apex.  Fine  r^les  at  right  apex  to  second  rib  anteriorly  and 
to  third  spine  posteriorly.  Fine  r4les  on  cough  at  left  apex  to  second  rib  anteriorly 
and  to  second  spine  posteriorly. 

X-Ray  Signs. — April  7,  1917.  Right  apex  and  first  interspace  moderately  densely 
infiltrated.  Left  apex  and  first  interspace  similarly  infiltrated.  Mediastinal  contents 
normal 
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POSITION 
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Text-Fig.  15. 

No.  15  {Case  4030). — Male,  clothing  cutter;  age  28  years.  Moderately  advanced; 
inactive.     Sputum  +  +  +,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  6  years  ago  with  cold.  Persistent  cough.  Hemoptysis  slight  6  months  after 
onset.  2  years  ago  series  of  severe  hemoptyses.  Artificial  pneumothorax.  Has  felt 
well  and  is  near  his  normal  weight  since  recovery  after  hemoptyses.  Under  sanatorium 
treatment  his  symptoms  have  remained  slight;  very  little  cough,  slight  expectoration. 
His  physical  condition  has  been  excellent. 

kt- 

Height  175  cm.     Theoretical  normal  weight 70.5 

Present  weight 72.0 

Patient's  idea  of  normal  weight 72 . 5 

Date  of  highest  weight    4  years  ago  77.0 

"    "lowest       "       28  months  "    54.5 

Treatment  duration  10  months. 

Physical  Signs. — .April  9,  1Q17.  Moderate  dullness  on  percussion  at  right  apex  to  the 
third  rib  anteriorly  and  to  the  fourth  spine  posteriorly.  Breath  sounds  moderately 
harsh.  Rales  on  cough,  fine  and  medium,  at  apex  to  the  fourth  rib  anteriorly  and  to  the 
sixth  spine  posteriorly.  Breath  sounds  slightly  feeble  at  left  apex.  Medium  moist 
rales  on  cough  at  apex  to  second  rib  anteriorly  and  to  the  second  spine  posteriorly. 

X-Ray  Signs. — .^^pril  7,  1917.  Right  apex  and  first  interspace  densely  infiltrated. 
Left  apex  slightly  infiltrated.     Mediastinal  contents  normal. 
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Text-Fig.  16. 
No.  16  {Case  3918). — Male,  factory  inspector;  age  27  years.     Moderately  advanced; 

inactive.     Sputum  +  H >  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  19  months  ago  with  malaise,  loss  in  strength;  2  months  later  fever  and  cough. 
Sputum  occasionally  blood-streaked.  Loss  of  3  kg.  in  weight.  Occasional  night  sweats. 
Dyspnea  slight.  Under  sanatorium  treatment  he  has  remained  in  fair  general  condition. 
Complications  of  larynx  and  rectal  fistula  have  arisen.  Slight  hemoptysis  frequent. 
Symptoms  and  lung  condition  remain  the  same. 

kg. 

Height  175  cm.     Theoretical  normal  weight 70.0 

Present  weight 71.0 

Patient's  idea  of  normal  weight 70 . 0 

Date  of  highest  weight  0  months  ago 71.0 

"    "lowest       "      8      "  " 63.5 

Treatment  duration  13  months. 

Physical  Signs. — .Vpril  9,  1917.  Slightly  dull  percussion  note  at  right  apex  to  second 
rib  anteriorly  and  to  third  spine  posteriorly.  Breath  sounds  moderately  harsh  in  the 
same  area.  Fine  and  medium  riles  on  cough  at  right  apex  to  the  third  rib  anteriorly 
and  to  the  fourth  spine  posteriorly. 

X-Ray  Signs. — .\pril  7,  1917.  Right  upper  lobe  moderately  densely  infiltrated  to  the 
third  rib.     Mediastinal  contents  normal. 
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No.  17  (case: 4363) 


POSITION 

CHEST      DIMENSIONS  " 

LUNG 
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RATIO 

100  X 
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RATIO 
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STERNUM 
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Text- Fig.  17. 

A'o.  //  {Case  4363). — Ma]e,  sign  writer;  age  29  years.  Moderately  advanced;  active. 
Sputum  +  on  admission. 

Present  illness  began  25  months  ago  with  malaise  and  tendency  to  tire  easily.  Gastric 
s>'mptoms.  Loss  of  4.5  kg.  in  weight.  Later  moderate  cough  with  scanty  e.xpectoration. 
His  physical  condition  remains  good  under  sanatorium  treatment;  symptoms  about  the 

same.    Lung  condition  about  the  same. 

kg. 

Height  174  cm.    Theoretical  normal  weight T 70.0 

Present  weight ' 69 . 0 

Patient's  idea  of  normal  weight 70 . 0 

Date  of  highest  weight  19  months  ago 75 . 5 

"    "lowest       "       17      "  "    60.0 

Treatment  duration  1  month. 
Physical  Signs. — April  7,  1917.     No  marked  percussion  changes.     Increased  breath 
sounds  at  right  apex  posteriorly.     Fine  rales  on  cough  posteriorly  from  spine  to  angle 
of  scapula.     Medium  and  coarse  rales,  on  cough,  in  left  lung  anteriorly  and  posteriorly 
from  apex  to  base. 

X-Ray  Signs. — April  7,  1917.  Right  apex  and  first  and  second  interspaces  slightly  in- 
filtrated. Rest  of  lung  normal.  Entire  left  lung  shghtly  infiltrated,  with  fine  spotting. 
Mediastinal  contents  completely  to  the  left.     Right  lung  area  large. 
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Text-Fig.  18. 

No.  18  {Case  3997). — Male,  machinist;  age  27  years.  Moderately  advanced;  inactive. 
Sputum  —  ±  +,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  16  months  ago  with  moderate  hemoptysis;  later  slight  cough,  occasional  night 
sweat,  and  loss  of  2  kg.  in  weight.     Has  felt  well  during  his  entire  stay  in  the  hospital. 

kg. 

Height  174  cm.     Theoretical  normal  weight 70.0 

Present  weight 76 . 5 

Patient's  idea  of  normal  weight 66.0 

Date  of  highest  weight  6  months  ago 79.0 

"    "lowest       "      ?      "  "    70.0 

Treatment  duration  12  months. 

Physical  Signs. — April  9,  1917.  Moderate  dullness  at  right  apex,  anteriorly  to  the 
second  rib,  posteriorly  to  the  spine  of  the  scapula.  Breath  sounds  slightly  increased  at 
the  left  base.  Fine  moist  rales  on  Cough  at  left  base,  anteriorly  below  th?  fourth  rib, 
posteriorly  below  a  point  midway  between  the  spine  and  the  angle  of  the  scapula.  Fric- 
tion rubs  at  right  base  anteriorly. 

X-Ray  Signs. — .-Vpril  7,  1917.  Right  apex  and  first  and  second  interspaces  slightly  stip- 
pled and  striated.  Left,  fifth  interspace  moderately  spotted  and  striated.  Mediastinal 
contents  normal. 
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POSITION 

CHEST      DIMENSIONS 

LUNG 
aPAClTY 

RATIO 

100  X 
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RATIO 

100  X 

VITAL  CAP 
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Text-Fig.  19. 
No.  19  (Case  4268). — Male,  teamster;  age  29  years.     Moderately  advanced;  inactive. 
Sputum  +=*=—,  on  admission,  in  course  of  treatment,  and  at  present. 

Present  illness  began  14  months  ago  after  an  attack  of  supposed  influenza.  Malaise; 
weakness;  loss  of  6.8  kg.  in  weight;  5  months  after  onset  afternoon  fever;  occasional  chiUs. 
Shortly  after  began  to  cough;  e.-q^ectoration  profuse.  Slight  pain  in  left  base.  Under 
sanatorium  treatment  his  symptoms  have  largely  disappeared,  his  general  condition  is 
excellent,  and  the  lung  condition  is  apparently  greatly  improved. 

H- 

Height  186  cm.     Theoretical  normal  weight 78.0 

Present  weight 87 . 0 

Patient's  idea  of  normal  weight 84,0 

Date  of  highest  weight    3  months  ago 92.0 

"    "lowest       "       10      "  " 79.5 

Treatment  duration  S  months. 
Physical  Signs. -~.\x>n\  9,  1917.  Slight  dullness  on  percussion  at  right  apex  to  the 
second  rib  anteriorly  and  the'  third  dorsal  spine  posteriorly.  Breath  sounds  slightly 
harsh.  Fine  rales  on  cough  at  apex  to  second  rib  anteriorly  and  to  third  spine  posteriorly. 
X-Ray  Signs. — .\pril  7,  1917.  Right  apex  and  first  and  second  interspaces  densely  in- 
filtrated. The  lower  edge  of  the  infiltration  is  sharply  limited  from  healthy  lung  below. 
Left  apex  infiltrated.     Mediastinal  contents  normal. 
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Text-Fig.  20. 

No.  20  {Case  4006). — Male,  conductor  on  elevated  railroad;  age  33  years.  Moder- 
ately advanced;  inactive.     Sputum  — ,  on  admission,  in  course  of  treatment,  and 

at  present. 

Present  illness  began  27  months  ago  with  bronchitis.  Severe  cough  for  2  months. 
Fever;  night  sweats;  loss  of  5.4  kg.  in  weight.  Moderate  weakness.  Hemoptysis  of 
moderate  amount  6  months  after  onset.  Pain  at  left  base.  Under  sanatorium  treatment 
his  symptoms  remain  about  the  same  except  improvement  in  strength.  No  fever  since 
onset.     His  general  physical  condition  remains  excellent. 

kg. 

Height  166  cm.     Theoretical  normal  weight 64.5 

Present  weight 77.0 

Patient's  idea  of  normal  weight 84.0 

Date  of  highest  weight  4  years  ago 84.0 

"    "  lowest       "       8  months  "    75.0 

Treatment  duration  11  months. 

Physical  Signs. — April  9,  1917.  No  change  in  percussion  over  right  lung.  Breath 
sounds  slightly  harsh  at  right  apex.  Moderate  dullness  at  left  apex  to  third  rib  anteriorly 
and  to  fourth  spine  posteriorly.  Breath  sounds  feeble  in  the  same  area.  Fine  and 
medium  rales  on  cough  at  left  apex  to  fourth  rib  anteriorly  and  to  fifth  spine  posteriorly. 

X-Ray  Signs. — .Xpril  7,  1917.  Right  apex  and  first  three  interspaces  moderately 
densely  striated  and  spotted.     Left  apex  slight  spotting.     Mediastinal  contents  normal. 
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Text-Fig.  21. 
No.  21  (Case  4076). — Male,  farmhand;  age  27  years.     Moderately  advanced;  inactive. 

Sputum ,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  34  months  ago  with  fever;  loss  of  24.5  kg.  in  weight  in  the  first  6  months.  ChiUs; 
night  sweats;  cough  and  expectoration  slight.  Slight  hemoptysis.  General  condition 
during  his  hospital  stay  has  been  excellent;  lung  condition  improved. 

H- 

Height  183  cm.     Theoretical  normal  weight 77 .0 

Present  weight 89.0 

Patient's  idea  of  normal  weight 86.0 

Date  of  highest  weight  12  months  ago 97.0 

"     "  lowest       "       34      "  " 61.5 

Treatment  duration  10  months. 
Physical  Signs. — .^pril  9,  1917.  Marked  dullness  of  right  lung  anteriorly  to  the  fourth 
rib,  posteriorly  moderate  dullness  from  apex  to  spine  of  the  scapula.  Slight  dullness  at 
the  left  base  below  angle  of  scapula.  No  great  change  in  breath  sounds.  Medium  moist 
rales  on  cough  at  right  apex  to  the  third  rib.  Scattered  fine  moist  rales  on  cough  at  right 
apex  posteriorly  to  midway  between  the  spine  and  angle  of  the  scapula. 

X-Ray  Signs. — .April  7,  1917.  Right  apex  and  first  and  second  interspaces  moderately 
densely  infiltrated.  The  lower  border  of  this  infiltration  has  a  sharp  con%'ex  line,  con- 
vexity upward.     Left  apex  moderately  densely  infiltrated.     Mediastinal  contents  normal. 
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Text-Fig.  22. 

No.  22  {Case  40S2). — Male,  butcher;  age  22  years.  Moderately  advanced;  active. 
Sputum  -f  =*=  +,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  13  months  ago  with  cold.  Cough  and  e.xpectoration  moderate;  slight  pain 
in  left  side;  slight  dyspnea.  During  his  stay  in  the  sanatorium  his  general  condition  has 
remained  good  and  his  lung  condition  is  apparently  much  improved. 

*<• 

Height  181  cm.     Theoretical  normal  weight 72 . 5 

Present  weight 74.5 

Patient's  idea  of  normal  weight 76.0 

Date  of  highest  weight  22  months  ago 78.0 

"    "  lowest       "         8      "  "  73.0 

Treatment  duration  10  months. 

Physical  Signs. — April  9,  1917.  Dullness  of  upper  part  of  left  lung  anteriorly  to  the 
fourth  rib.  No  marked  change  in  breath  sounds.  Coarse  r4les  on  cough  in  left  lung 
both  anteriorly  and  posteriorly  to  the  base. 

X-Ray  Signs. — .\pril  7,  1917.  Right  apex  moderately  densely  infiltrated.  First  and 
second  interspaces  sliglitly  stippled.  Left  ape.x  and  first  and  second  interspaces  very 
densely  infiltrated.  Third  and  fourth  interspaces  moderately  spotted.  Mediastinal 
contents  to  the  left.     Right  lung  area  greatly  increased. 
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Text-Fig.  2.3. 

No.  23  {Case  4911). — Male,  factory  worker;  age  19  years.  Advanced;  inactive. 
Sputum  H — I — hi  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  17  months  ago  with  symptoms  of  grippe;  began  to  cough  slightly,  although 
weight  was  not  lost.  Diagnosis  made  by  sputum  e.xamination.  Improved  rapidly 
under  sanatorium  treatment  and  gained  weight.     Cough  and  e.xpectoration  markedly 

diminished. 

kg. 

Height  163  cm.     Theoretical  normal  weight 57.0 

Present  weight 53.0 

Patient's  idea  of  normal  weight 46.0 

Date  of  highest  weight  5  months  ago 54.5 

"      "    lowest       "       11        "  "    45.3 

Treatment  duration  11  months. 

Physical  Signs. — .'Vpril  9,  1917.  Right,  moderate  dullness,  very  harsh  breathing. 
Numerous  rales  on  cough  to  top  of  fourth  rib  anteriorly,  and  sixth  spine  posteriorly. 
Left,  moderate  dullness,  harsh  breathing.  Riles  on  cough  to  third  rib  anteriorly, 
and  fourth  spine  posteriorly.     Signs  of  cavity  on  both  sides  anteriorly. 

X-Ray  Signs.— hpn\  7,  1917.  Right  ape.x,  cavity  4  cm.  in  diameter.  First  and 
second  interspaces  densely  striated.  Left  apex,  cavity  6  cm.  in  diameter.  First  and 
second  interspaces  densely  infiltrated.     Mediastinal  contents  normally  placed. 
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Text-Fig.  24. 

No.  24  {Case  3334). — ilale,  student;  age  16  j'ears.  .\dvanced;  inactive.  Sputum 
+  +  +,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  44  months  ago  with  an  acute  cold,  cough,  and  fever,  soon  followed  by  night 
sweats.  On  admission  32  months  ago  improved  rapidly  in  general  condition  and  %veight, 
and  is  now  with  minimum  cough  and  e.^cpectoration  and  in  excellent  general  condition. 

H. 

Height  165  cm.    Theoretical  normal  weight 59.0 

Present  weight 63.0 

Patient's  idea  of  normal  weight 59.0 

Date  of  highest  weight  29  months  ago 63.5 

"    "  lowest       "        3  years        "  52 .0 

Treatment  duration  32  months. 

Physical  Signs. — .•\pril  9,  1917.  Right  lung  clear.  Left,  moderate  dullness,  slight 
harsh  breathing,  and  numerous  fine  rales  on  cough  anteriorly  to  fourtli  rib  and  posteriorly 
to  si.\th  spine. 

X-Ray  Signs.~.\pn\  7,  1917.  Right  apex  very  slightly  stippled  Left  apex  densely 
stippled  and  striated.  Second  interspace  densely  infiltrated  and  stippled,  with  cavity 
3  by  2  cm.  In  the  fourth  intersjiacc  is  a  very  small  cavity  the  size  of  a  bean.  Mediastinal 
contents  normally  placed. 
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Text-Fig.  25. 

No.  25  {Case  4300). — Male,  machinist;  age  23  years.  Advanced;  active.  Sputum 
+  +  +,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  17  months  ago  with  malaise,  weakness,  and  loss  of  9  kg.  in  weight.  Later 
severe  cough,  moderate  expectoration,  and  night  sweats.  Fever,  100-101°  F.  During 
his  stay  in  the  sanatorium  the  fever  has  subsided  and  cough  improved;  no  change  other- 
wise. 

kg. 

Height  173  cm.     Theoretical  normal  weight 65.5 

Present  weight 52 . 0 

Patient's  idea  of  normal  weight 58 . 0 

Date  of  highest  weight  21  months  ago 59.0 

"    "lowest       "       10      "  "  47.5 

Treatment  duration  3  months. 

Physical  Signs. — April  9,  1917.  Anteriorly  slight  dullness  in  the  first  interspace  on 
the  left  side  Dullness  at  both  apices  posteriorly.  The  breath  sounds  are  increased  at 
the  right  apex  anteriorly  and  posteriorly.  Coarse  rales  on  cough  at  right  apex  to  the 
second  rib;  below  this  fine  rales  to  the  fifth  rib.  Posteriorly  coarse  r&les  at  upper  part 
of  right  lung  to  the  angle  of  the  scapula.  Coarse  rales  on  cough  in  left  lung  to  the  base 
anteriorly  and  to  the  angle  of  the  scapula  posteriorly. 

X-Ray  Signs. — .\pril  7,  1917.  Right  apex  and  first  interspace  densely  infiltrated. 
Second  and  third  interspaces  slightly  infiltrated  and  spotted.  Rest  of  lung  normal. 
Left  apex  and  first,  second,  and  third  interspaces  densely  infiltrated  and  spotted.  Medias- 
tinal contents  centrally  placed.     Trachea  a  little  to  the  right. 
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Text-Fig.  26. 

No.  26  {Case  4127). — Male,  customs  inspector;  age  24  years.  Advanced;  active. 
Sputum  +=*=—,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  37  months  ago  with  slight  cough  and  expectoration.  Loss  of  3  kg.  in  weight. 
Sputum  blood-streaked.  His  general  condition  during  his  hospital  stay  has  remained  good. 
He  has  had  several  slight  hemoptyses.     His  lung  condition  apparently  is  unchanged. 

kg. 

Height  168  cm.     Theoretical  normal  weight 63.0 

Present  weight 61.0 

Patient's  idea  of  normal  weight 60.0 

Date  of  highest  weight  12  months  ago 65.5 

"    "lowest       "       18      "  "  56.5 

Treatment  duration  8  months. 
Physical  Signs. — April  9,  1917.  Slight  dullness  over  right  lung,  anteriorly  to  the 
fourth  rib  and  posteriorly  to  the  angle  of  the  scapula.  Dullness  at  left  ape.\  anteriorly. 
Harsh  breath  sounds  at  right  apex.  Slightly  increased  breath  sounds  at  left  apex  poste- 
riorly. Fine  moist  rales  on  cough  at  upper  part  of  right  lung  to  the  third  rib  anteriorly 
and  to  the  angle  of  the  scapula  posteriorly.  Medium  moist  rales  on  cough  in  left  lung 
to  the  base,  both  anteriorly  and  posteriorly. 

X-Ray  Signs. — .\priI7,  1917.  Right  apex  and  first  and  second  interspaces  moderately 
densely  infiltrated.  Left  apex  and  first,  second,  and  third  interspaces  quite  densely  stip- 
pled and  infiltrated.  Mediastinal  contents  are  entirely  to  the  left.  Right  lung  area  much 
increased. 
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Text-Fig.  27. 

No.  27  (Case  4317). — Male,  laborer;  age  23  years.  .Advanced;  active.  Sputum  +  +  +, 
on  admission,  in  course  of  treatment,  and  at  present. 

Onset  12  months  ago  with  severe  cough.  Later  fever  and  chills.  Slight  pain  in  chest. 
Tendency  to  tire  easily.  His  general  condition  has  remained  poor  under  sanatorium 
treatment  with  the  lung  condition  progressive. 

Height  178  cm.     Theoretical  normal  weight 70. 5 

Present  weight 59 . 0 

Patient's  idea  of  normal  weight 71.5 

Date  of  highest  weight  11  months  ago 71 . 5 

"    "  lowest       "         8      "  "  57.5 

Treatment  duration  3  months. 

Physical  Signs. — .April  9,  1917.  Marked  dullness  at  right  apex  to  the  second  rib. 
Moderate  dullness  at  right  apex  posteriorly.  Harsh  breath  at  right  apex  to  the  second 
rib.  Increased  breath  sounds  at  left  apex  to  the  third  rib.  Breath  sounds  increased  at 
both  apices  posteriorlj'.  Medium  moist  rSles  on  cough  in  right  lung  from  apex  to  fourth 
rib  anteriorly,  and  from  apex  to  below  the  angle  of  the  scapula  posteriorly.  Medium 
moist  rales  on  cough  at  left  apex  to  the  second  rib  anteriorly;  below  this  fine  rales  to  the 
base.  Posteriorly  medium  moist  riles  on  cough  from  the  apex  to  an  inch  above  the  angle 
of  the  scapula. 

X-Ray  Signs. — April  7,  1917.  Right  apex  perfectly  clear.  First,  second,  and  third 
interspaces  densely  infiltrated.  The  apex  may  be  extavated,  but  does  not  give  physical 
signs  of  cavity.  There  is  a  small  cavity  1  cm.  in  diameter  at  the  inner  end  of  the  first 
interspace.  Left  apex  and  first  and  second  interspaces  densely  infiltrated  and  spotted. 
Third  and  fourth  interspaces  slightly  infiltrated  and  spotted.  Mediastinal  contents 
normally  placed. 
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POSITION 
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100  X 

LUNG  CAP 
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100  X 
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cm 
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3.5 
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44.1 
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19.9 

18.7 

Z&.5 

11.60 

6.2 

53.5 

MAX  EXP 

19.9 

17.1 

Z5.3 

e).60 

z.o 

Z3.3 

Text-Fig.  28. 

No.  28  (Case  4346). — Male,  pattern  maker; 'age  31  years.  Advanced;  inactive.  Spu- 
tum +  on  admission. 

Onset  31  months  ago  with  fever,  chills,  and  night  sweats.  Cough  and  expectoration 
moderate.  Rectal  fistula,  .\nore.\ia,  hoarseness,  and  return  of  fever  5  months  ago. 
Loss  of  4.5  kg.  in  weight  since.  During  his  stay  in  the  hospital  his  general  condition  has 
been  unchanged  and  his  lung  condition  about  the  same. 

kg. 

Height  174  cm.     Theoretical  normal  weight 69  0 

Present  weight 61 . 5 

Patient's  idea  of  normal  weight 62 . 5 

Date  of  highest  weight  14  months  ago 67.0 

"     "  lowest       "         1  month      "  58.0 

Treatment  duration  1  month. 

Physical  Signs. — April  9,  1917.  Slight  dullness  at  right  ape.x  to  the  second  rib.  Dull- 
ness at  upper  part  of  left  lung  from  the  second  to  the  fourth  ribs.  Left  ape.x  dull  posteriorly. 
The  breath  sounds  are  increased  from  the  clavicle  to  the  fourth  rib  on  the  left  side. 
Medium  moist  rales  on  cough  at  the  right  ape.x  to  the  third  rib.  Medium  moist  rales 
on  cough  at  the  right  apex  posteriorly.  Medium  moist  rales  on  cough  from  the  clavicle 
to  the  sixth  rib  on  the  left  side,  and  posteriorly  from  the  apex  to  a  point  midway  between 
the  spine  and  angle  of  the  scapula. 

X-Kay  Signs. — .\pril  7,  1917.  Right,  moderate  infiltration,  spotting,  and  striation 
of  the  apex  and  first  interspace.  Left,  moderate  spotting  and  striation  of  the  apex. 
Slight  s[)otting  of  the  first  interspace.  Dense  spotting  in  the  second  interspace;  cavity 
3  by  5  cm.  in  the  outer  half.  Third  interspace  moderately  spotted  and  striated.  Fourth 
interspace  densely  spotted  and  striated.  Small  cavity  under  clavicle.  Mediastinal 
contents  markedly  to  the  left.     Right  lung  area  greatly  increased. 
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Text-Fig.  29. 
Xo.  29  (Case  3952). — Male,  jeweler;  age  20  years,     .\dvanced;  inactive.     Sputum 
+  +  -!-,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  16  months  ago  with  cough;  severe  from  the  beginning  and  unaccompanied  by 
other  symptoms  e.xcept  slight  expectoration  later.  His  general  condition  under  sana- 
torium treatment  has  remained  good;  lung  disease  increased. 

kg- 

Height  174  cm.     Theoretical  normal  weight 66.0 

Present  weight 77.0 

Patient's  idea  of  normal  weight 68.0 

Date  of  highest  weight    4  months  ago 78 . 0 

"    "lowest       "       18      "  "  68  0 

Treatment  duration  12  months. 

Physical  Signs. — .\pril  9,  1917.  Impaired  resonance  on  percussion  over  the  right 
apex  anteriorly  to  the  second  rib.  Diminished  breath  sounds  over  the  entire  left  lung, 
anteriorly  and  posteriori)'.  Coarse  rales  on  cough  in  right  lung  anteriorly  from  apex  to 
base.  Posteriorly  fine  rales  on  cough  from  apex  to  angle  of  scapula.  Coarse  rales  on 
cough  in  left  lung  from  the  clavicle  above  to  the  sixth  rib  below.     None  heard  posteriorly. 

X-Rays  Signs. — .\pril  7,  1917.  Right  apex  and  first  and  second  interspaces  moderately 
densely  infiltrated.  Left,  fifth  and  sixth  interspaces  moderately  densely  infiltrated. 
Mediastinal  contents  normal. 
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Text-Fig.  30. 

No.  30  {Case  4027). — Male,  farmer;  age  27  years.  Advanced;  active.  Sputum 
H — h  +,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  24  months  ago  %vith  cough.  Expectoration  began  7  months  later.  Several 
small  hemoptyses;  moderate  dyspnea.  General  condition  bettered  by  sanatorium  treat- 
ment; lung  condition  slightly  progressive. 

kg. 

Height  179  cm.     Theoretical  normal  weight 74.5 

Present  weight 66.0 

Patient's  idea  of  normal  weight 65 . 5 

Date  of  highest  weight    5  months  ago 68.0 

"    "lowest       "      20      "  "  61.0 

Treatment  duration  11  months. 

Physical  Signs. — April  9,  1917.  Moderate  dullness  over  right  apex  anteriorly  to  the 
second  rib,  posteriorly  to  the  spine.  Moderate  dullness  over  left  lung  anteriorly  to  the 
third  rib;  posteriorly  no  marked  change.  Breath  sounds  of  upper  part  of  right  lung 
harsh  at  ape.\,  bronchial  in  second  interspace.  Breath  sounds  increased  in  upper  part  of 
left  lung  to  the  third  rib  anteriorly.  Coarse  rales  on  cough  in  right  lung  to  base  ante- 
riorly; posteriorly  medium  riles  on  cough  from  apex  to  angle  of  scapula  Medium 
rales  on  cough  in  left  lung  from  clavicle  above  to  the  base;  posteriorly  fine  rales  on  cough 
from  apc.\  to  an  inch  below  the  angle  of  the  scapula. 

X-Ray  Signs. — .\pril  7,  1917.  Right  apex  and  first,  second,  and  third  interspaces  very 
densely  spotted  and  infiltrated.  Moderate  sized  cavity  in  the  first  interspace.  Left 
apex  is  moderately  spotted.     Mediastinal  contents  are  normal. 
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Text-Fig.  31. 

No.  31  (Case  4130). — Male,  sheet  metal  worker;  age  25  years.  Advanced;  active. 
Sputum  H — h  +,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  16  months  ago  nath  cold.  Cough  moderate;  expectoration  profuse;  slight  loss 
in  weight;  later  chiUs  and  afternoon  temperature  of  100°  F.  Has  been  continuously 
toxic  during  stay  in  sanatorium;  lung  lesion  progressive. 

H- 

Height  177  cm.     Theoretical  normal  weight 68 . 5 

Present  weight ? 

Patient's  idea  of  normal  weight 72.5 

Date  of  highest  weight  4  to  5  years  ago 76 . 0 

"    "  lowest       "       12  months       "    66.5 

Treatment  duration  8  months. 

Physical  Signs. — April  9.  1917.  Dullness  anteriorly  o\'er  the  left  lung  from  apex  to 
the  sixth  rib.  Cracked  pot  percussion  in  the  second,  third,  fourth,  and  fifth  inter- 
spaces. Dullness  posteriorly  over  the  left  lung  from  the  apex  to  the  angle  of  the  scapula. 
Breath  sounds  harsh  posteriorly  at  right  apex.  No  great  change  in  right  lung  anteriorly. 
Diminished  breath  sounds  in  left  lung  posterior  to  base.  Anteriorly  slightly  increased 
at  left  apex,  cavernous  in  the  third,  fourth,  and  fifth  interspaces. 

Rales:  Right  apex  to  second  rib  on  cough  medium  moist  r^les,  second  to  fourth  sibi- 
lant. Posteriorly  medium  moist  on  cough  from  apex  to  the  spine  of  the  scapula.  Fine 
and  medium  moist  r^les  on  cough  in  left  lung  anteriorly  and  posteriorly  from  apex  to  base. 

X-Ray  Signs. — .\pril  7,  1917.  Right  apex  and  first  interspace  moderately  densely 
infiltrated.  Fourth  interspace  moderately  densely  infiltrated.  Entire  left  lung  densely 
spotted.  Large  cavity,  14  by  5  cm.  Mediastinal  contents  markedly  to  the  left.  Right 
lung  area  greatly  increased. 
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Inspiration 


?  Middle 
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Naximam 
Expira-Tion 


Ei^ht       5.0     35     -      3.5    35      0      5.D     -     S.SfMdximum  move- 
LePt      5.0    5.0    -       2.5    ?.D    3.0    60     -     3.5  ment  of  diaphrdjm 

Lin  centimeters 


In  the  charts  the  numbers  below  indicate  the  maximum  excursion  of  the  right  and 
left  diaphragm.  The  numbers  above  the  chart  refer  to  the  individual  diagrams  and 
.descriptions  (Text-figs.  1  to  31). 

Text-Fig.  32.  Lung  volumes  in  men  with  incipient  pulmonary  tuberculosis  as 
determined  (solid  lines)  and  calculated  (broken  lines)  from  thoracic  measurements. 
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Text-Fig.  33.  Lung  volumes  in  men  with  moderately  advanced  pulmonary  tuberculosis  as  determined 
(solid  lines)  and  calculated  (broken  lines)  from  thoracic  measurements. 
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Text-Fig.  34.  Lung  volumes  in  men  v.iih  advanced  pulmonary  tuberculosis  as  deter- 
nined  (solid  lines)  and  calculated  (broken  lines)  from  thoracic  measurements. 
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STUDIES  OF  LUNG  VOLUME. 
III.  Tuberculous  Women. 

By  a.   GARVIN,  M.D.,   CHRISTEN  LUNDSG.\.A.RD,  M.D.,  and    DONALD    D. 
VAN  SLYKE,  Ph.D. 

(From  the  New  York  State  Sanatorium  for  Tuberculosis,  Ray  Brook,  and  the  Hospital 
of  The  Rockefeller  Institute  for  Medical  Research,  New  York.) 

(Received  for  publication,  September  15,  1917.) 
INTRODUCTION. 

In  the  preceding  paper  (Garvin,  Lundsgaard,  and  Van  Slyke)  a 
report  was  made  of  a  series  of  determinations  of  the  different  lung 
volumes  in  thirty-one  adult  men  suffering  from  pulmonary  tuber- 
culosis. A  comparison  was  drawn  between  the  actual  values  and 
the  values  calculated  from  the  chest  dimensions  on  the  basis  of  cer- 
tain ratios  previously  worked  out  on  normal  subjects  (Lundsgaard  and 
Van  Slyke).  The  hterature  concerning  pulmometry  in  pulmonary 
tuberculosis  is  given  in  the  preceding  paper. 

The  present  paper  is  a  report  of  similar  determinations  on  twenty 
adult  women  with  phthisis.  The  technique  in  determining  the  lung 
volumes,  in  measuring  the  chest  wall,  and  in  determining  the  move- 
ment of  the  diaphragm  is  fully  described  in  Papers  I  and  II.  The 
presentation  of  the  experimental  and  clinical  observations  on  the 
women  is  carried  out  after  exactly  the  same  plan  as  in  Paper  II, 
where  sufficient  e.xplanation  can  be  found.  Only  the  explanation 
of  the  sjonbols  used  in  the  individual  diagrams  (Text-figs.  1  to  20) 
wiU  be  repeated  here: 

Physical  Signs. — 
Light  lines,  slight  dullness. 
Heavy  lines,  moderate  dullness. 
Cross-hatching,  marked  dullness. 
Fine  dots,  fine  rales. 
Larger  dots,  moderate  and  coarse  rales. 
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Small  rings,  large  crackling  rales. 
Crosses,  pleuritic  rubs. 
Circles,  antrum  formation. 

There  is  no  difference  in  the  interpretation  of  horizontal  and  vertical  lines 

X-Ray  Signs. — 
Lightly  shaded  lines,  slight  density  of  shadow. 
Hea^^'  lines,  marked  density. 
Circles,  cavity. 
Dots,  stippling,  the  larger  the  dots,  the  coarser  the  stippling. 

There  is  no  difference  in  the  interpretation  of  horizontal  and  vertical  lines. 

The  patients  are  divicled  into  three  groups,  the  incipient  (Text- 
fig.  21),  moderately  advanced,  and  advanced  cases.  The  last  two 
groups,  however,  are  described  together  and  the  values  put  together 
in  Text-fig.  22.  Nos.  9  and  19  are  advanced  (Group  III  in  Paper  II) ; 
the  rest  are  moderately  advanced  (Group  II  in  Paper  II).  The 
reason  for  this  is  that  there  is,  as  pointed  out  in  Paper  I,  no  sharp 
difference  in  our  results  between  patients  belonging  to  Groups  II  and 
III. 

Group  I.     Incipient  Cases  {Nos.  1  to  8,  Text-Fig.  21). 

It  will  be  remembered  that  the  result  of  the  determinations  on 
nine  men  with  incipient  tuberculosis  was  (1)  a  normal  total  capacity, 
(2)  a  moderately  increased  residual  air  resulting  in  (3)  a  moderately 
diminished  vital  capacity.  At  first  sight  the  results  on  the  women 
seem  quite  opposite.  The  values  in  Nos.  1,  2,  3,  4,  and  8  agree  with 
those  found  in  the  men,  but  in  Nos.  5,  6,  and  7,  although  they 
also  are  clinically  incipient,  a  great  decrease  in  the  total  and  vital 
capacity  is  encountered.  A  similar  drop  is  seen  in  the  middle  capacity, 
whereas  the  residual  air  is  normal. 

However,  sufficient  cause  can  be  found  to  account  for  this.  No.  5 
was  a  patient  with  miliary  tuberculosis  of  the  lungs.  She  had  riles 
on  both  sides  all  over  the  lungs.  No.  6  had  a  bronchial  stenosis  on 
the  left  side;  the  left  lung  participated  only  to  a  small  extent  in  the 
ventilation.  It  will  be  seen  that  her  left  diaphragm  moved  in  the 
opposite  direction  to  the  normal  movement  in  respiration.  This 
probably  was  a  result  of  the  difficult  passage  to  the  left  lung.  The 
observed  vital  and  middle  capacity  is  about  half  of  the  calculated. 
No.  7  did  not  move  her  diaphragm  at  all.     The  residual  air,  however. 
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is  not  increased,  which  probably  can  be  looked  upon  "^s  indicating 
that  her  diaphragm  is  fixed  in  expiratory  position.  The  inability 
to  lower  the  diaphragm  at  inspiration  must,  of  course,  diminish  her 
total  capacity  to  a  considerable  extent. 

The  results  of  the  determinations  in  these  cases  therefore  confirm 
the  previous  findings  in  men,  and  show  that  if  the  trtal  capacity  is 
diminished  in  patients  with  incipient  tuberculosis,  some  special 
cause  is  to  be  found,  such  as  miliary  tuberculosis,  obstruction  of 
bronchi,  or  inability  to  move  the  diaphragm. 

Group  II.     Moderately  Advanced  and  Advanced  Cases   (Nos.  9  to  20, 
Text-Fig.  22). 

Group  II  (Nos.  9  to  20,  moderately  advanced  and  advanced  cases) 
shows  the  same  picture  that  was  found  in  men:  (1)  As  a  rule  dimin- 
ished total  capacity.  In  all  the  cases  except  Nos.  9,  10,  13,  and  17, 
the  total  capacity  is  below  the  normal  minimum;  in  these  four  cases 
it  is  above  the  normal  minimum  but  below  the  normal  average. 
(2)  Decreased  vital  capacity.  (3)  Fairly  normal  residual  air.  (4)  The 
middle  capacity  (not  determined  in  all  cases)  is  in  some  patients  nor- 
mal, in  others  subnormal.  As  mentioned  before,  we  do  not  lay  much 
stress  on  the  determination  of  the  middle  capacity,  because  it  is 
dependent  not  only  on  anatomic  but  also  on  functional  factors. 
What  the  latter  are  we  do  not  understand,  but  we  have  seen  subjects 
unconsciously  inflate  or  deflate  the  chest  so  as  to  change  the  middle 
capacity  by  several  hundred  centimeters. 

Excursions  of  the  Diaphragm. 

The  technique  is  described  in  Papers  I  and  II.  The  excursions 
of  the  diaphragm  are,  as  a  whole,  smaller  than  in  normal  subjects  and 
agree  with  those  found  in  the  men.  In  one  instance  (No.  7)  no 
movement  was  found  at  all.  No  evidence  was  found  for  a  mechani- 
cal obstacle  in  the  pleura,  lungs,  or  abdomen.  Whether  the  diaphragm 
was  paralyzed  through  involvement  of  the  phrenic  nerves,  or  whether 
it  was  due  to  a  reflex,  we  do  not  know.  In  another  case  (No.  6) 
the  left  half  of  the  diaphragm  moved  in  the  direction  opposite  to 
the  normal.     Sufficient  explanation  is  found  in  the  fact  that  the  left 
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,  TABLE    I. 

Influence  of  Change  of  Position  and  of  Exercise  on  Pulse  and  Respiration. 


No.  on 

Resting 

in  bed. 

Stand 

ng  up. 

After  having  run  up  three  flights  of  stairs. 

indi- 
vidual 

dia- 
grams. 

Case 

No. 

Pulse. 

Respi- 

Pulse. 

Respi- 
rations. 

Pulse. 

Respi- 
rations. 

Other  symptoms. 

Group 

I. 

1 

4167 

94 

24 

120 

24 

124 

30 

Ver>-  slight  dyspnea.     Pulse 

slows  quickly. 

2 

4247 

90 

24 

96 

24 

150 

26 

Slight  dyspnea;  cyanosis  of 
hands. 

3 

4164 

96 

18 

110 

25 

136 

32 

Palpitation;  dyspnea;  throb- 
bing temples. 

4 

4215 

74 

18 

90 

24 

150 

44 

\'er>'  nervous;  very  dyspneic; 
face  flushed;  hands  cya- 
notic. 

5 

4190 

102 

30 

112 

34 

150 

42 

Palpitations;  dizziness. 

6 

4151 

74 

24 

80 

24 

130 

32 

Very  dyspneic;  face  slightly 
flushed. 

7 

4309 

102 

30 

116 

30 

160 

36 

Slight  dyspnea;  face  flushed. 

8 

3996 

78 

18 

102 

18 

120 

24 

Face  flushed. 

Group 

n.* 

9 

4061 

80 

17 

115 

18 

145 

22 

None. 

10 

4314 

72 

18 

96 

20 

132 

28 

Slight  dyspnea;  face  slightly 
flushed. 

11 

4059 

102 

22 

120 

22 

140 

30 

Slight  dyspnea;  face  much 
flushed. 

12 

3882 

72 

26 

84 

24 

150 

30 

Face  flushed;  dizziness;  very 
dyspneic. 

13 

4191 

72 

16 

102 

16 

160 

20 

None. 

14 

4044 

90 

24 

110 

22 

147 

26 

Flush. 

15 

4192 

72 

22 

84 

22 

150 

30 

Moderate  dyspnea;  face 
slightly  pale. 

17 

4283 

90 

18 

92 

18 

125 

28 

Palpitation;  face  flushed. 

18 

4264 

90 

12 

100 

16 

120 

24 

" 

19 

3908 

112 

22 

112 

22 

145 

28 

"  marked  dysp- 
nea; face  flushed;  weak 
pulse. 

20 

4103 

64 

16 

75 

20 

145 

28 

Slight  dyspnea;  face  pale; 
pulse  very  weak. 

*  Group  II  is  composed  of  moderately  advanced  cases  (Group  II  in  Paper  II) 
and  advanced  cases  (Group  III  in  Paper  II). 
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main  bronchus  was  almost  obstructed.  An  inspiratory  movement 
of  the  thoracic  wall  could,  under  these  conditions,  result  in  an  upward 
movement  of  the  diaphragm  on  this  side. 

Influence  of  Change  of  Position  and  of  Exercise  on  Pulse  and  Respiration 
(Table  I). 

The  increase  in  pulse  rate  on  e.xercise  is  still  more  marked  in  the 
women  than  in  the  men.  The  rate  of  respiration  is  also  somewhat 
increased.  As  a  whole,  in  men  no  such  increase  in  the  respiration 
was  found. 

SUMMARY. 

The  total  capacity,  middle  capacity,  and  residual  air  have  been 
determined  in  twenty  adult  women  Suffering  from  pulmonary  tuber- 
culosis. The  chest  volumes  have  been  determined  in  each  case  and 
the  normal  lung  volumes  calculated  by  means  of  the  ratios  worked 
out  in  Paper  I  and  applied  to  thirty-one  men  in  Paper  II.  The  ex- 
cursions of  the  diaphragm  have  been  determined  by  fluoroscopy 
in  all  cases. 

Of  eight  patients  with  incipient  tuberculosis,  five  had  lung  capacities 
like  those  of  men  in  the  same  group;'  i.e.,  about  normal  total  capacity, 
sUghtly  increased  residual  air,  and  consequently  somewhat  decreased 
vital  capacity.  Three  had  considerably  diminished  total  capacity. 
In  these  three  patients,  however,  clinical  abnormalities  were  found 
(extensive  miliary  tuberculosis,  obstruction  of  bronchus,  fixation  of 
diaphragni  in  expiratory  position). 

In  twelve  patients  with  moderately  advanced  and  advanced  tuber- 
culosis, the  results  agreed  with  those  found  in  men,'  the  total 
capacity  and  vital  capacity  being  decreased,  while  the  residual  air 
was  practically  normal. 
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Wo.l  (CASE  4167; 


Text- Fig.  1. 

-Vo.  /  {Case  4167). — Female,  factory  worker;  age  22  years.     Incipient;  active.   Sputum 

!-,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  17  months  ago  with  slight  cough,  blood-streaked  sputum,  and  loss  of  weight 
and  strength.  Under  treatment  has  gained  weight  but  disease  is.  still  slightly  active. 
Physical  signs  have  increased  slightly  in  the  past  7  months,  and  a  previous  negative  sputum 
has  become  positive. 

kg. 

Height  157  cm.     Theoretical  normal  weight 53 . 5 

Present  weight 48 . 0 

Patient's  idea  of  normal  weight 43.0 

Date  of  highest  weight    2  months  ago 48.5 

"     "    lowest        "      12        "        " 41.0 

Treatment  duration  7  months. 

Physkdl  Signs. — .\pril  9,  1917.  Right,  no  impairment  of  resonance;  breathing  harsh; 
fine  rales  with  cough  only  [K)steriorly  to  'ourth  spine.  Lett,  upper  lobe  normal;  poste- 
riorly there  are  moist  rales  from  base  to  ninth  dorsal  spine  with  aid  of  cough;  no  dullness 
or  breath  sound  change  in  this  area,  and  signs  are  intrapulmonic  (not  affected  by  breath- 
ing and  diaphragm  has  a  normal  excursion).     (See  illustration  of  normal  volume.) 

X-Ray  Signs.— .\pTil  7,  1917.  Right  ape.v  moderately  densely  infiltrated.  Root 
slightly  infiltrated.  Left  lung  pra-tically  normal  (see  physical  examination).  Medias- 
tinal contents  normal. 
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No.2  OSE4Z47) 


POSITION 

CHEST      DIMENSIONS 

LUNG 
CAPACITY 

RATIO 

100  X 

LUNG  CAP 

RATIO 

100  X 

VITAL  CAP 

STERNUM 

ANT;P0STIRAN5V[RSL 

"CHCST 
VOLUME." 

CHEST  VOL 

CHEST  VOL, 

RtST 

cm 

150 

cm. 
16.  & 

cm 

e5.8 

liters 

6.00 

liters 

2..4 

40.0 

25.0 

MAXINSP 

15.0 

174 

25.5 

665 

3.6 

54.2 

MAXIXP 

15.0 

16.0 

23.7 

5.69 

1.7 

29.9 

Text-Fig.   2. 

Xo.  2  (Case  4247). — Female,  student;  age  18  years.  Incipient;  inactive.  Sputum 
—  ±  +,  on  admission,  in  colirse  of  treatment,  and  at  present. 

Onset  16  months  ago  with  cough  and  blood-streaked  sputum.  Under  sanatorium 
treatment  symptoms  have  disappeared  and  physical  signs  have  diminished  in  number. 

H- 

Height  156  cm.     Theoretical  normal  weight _. 52.0 

Present  weight 64.0 

Patient's  idea  of  normal  weight 59 . 0 

Date  of  highest  weight  0  months  ago 64.0 

"      "  lowest         "      4        "        "  58 . 0 

Treatment  duration  5  months. 

Physical  Signs. — -Vpril  9,  1917.  Right,  slight  impairment  of  resonance;  breath  sounds 
are  a  little  harsh;  fine  rales  appear  with  aid  of  cough  to  the  third  rib  anteriorly  and  fourth 
spine  posteriorly.     Left  lung  seems  normal. 

X-Ray  Signs. — .\pril  7,  1917.  Right  apex  and  first,  second,  and  third  interspaces 
very  slightly  stippled  and  striated.  Left  lung  normal.  Mediastinal  contents  are  a 
little  to  the  right.     Left  lung  area  increased. 
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No.3(CASE4l64) 


Text-Fig.  3. 

No.  3  {Case  4164). — Female,  domestic;  age  19  years.  Incipient;  inactive.  Sputum 
+  =*=  — ,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  12  months  ago  with  malaise  and  loss  of  strength;  slight  cough  with  streaked 
sputum  for  a  few  days.  Under  sanatorium  treatment  symptoms  have  diminished  and 
physical  signs  have  disappeared. 

kg. 

Height  152  cm.     Theoretical  normal  weight 51 .0 

Present  weight 55 . 0 

Patient's  idea  of  normal  weight 50.0 

Date  of  highest  weight  1  month  ago 56. 5 

"     "  lowest        "      7  months  "    47 . 5 

Treatment  duration  7  months. 

Physical  Signs. — April  9,  1917.  Right  lung  seems  normal.  Left  lung  seems  normal. 
Patient  has  had  tubercle  bacilli  in  sputum  within  6  weeks. 

X-Ray  Signs. — April  7,  1917.  Right  lung  clear.  Left  ape.\  stippled  and  striated 
moderately  to  the  second  rib.     Mediastinal  contents  normal. 
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No.  4    (CAS£4215) 


POSITION 

CHEST      DIMENSIONS 

LUNG 
CAPACITY 

RATIO 

lOOX 

LUNG  CAP 

RATIO 

lOOX 

VITAL  CAP 

STERNUM 

ANIP0ST1R»I5VER5[ 

"CHEST 
VOLUME.* 

CHEST  VOL 

CHEST  VOL. 

REST 

cm. 

16.7 

cm. 

172. 

cm 

2,3.4 

liters 

6.71 

Illeri 

2.5Z 

3  70 

36.0 

MAXINSP 

16.7 

18.4 

2.4.5 

754 

372 

4-9.1 

MAXEXR 

167 

16.3 

Z2.5 

e.\z 

l.ZZ 

19.9 

Text-Fig.  4. 

No.  4  (Case  4215). — Female,  student;  age  18  years.     Incipient;  inactive.     Sputum 

+  H ,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  30  months  ago  with  cough  following  influenza.  Under  sanatorium  treatment 
symptoms  have  disappeared,  and  physical  signs  diminished  about  75  per  cent. 

kg- 

Height  155  cm.     Theoretical  normal  weight 51.0 

Present  weight 61.0 

Patient's  idea  of  normal  weight 50.0 

Date  of  highest  weight    0  months  ago 61.0 

"      "lowest         "      30        "        " 47.0 

Treatment  duration  7  months. 

Physical  Signs. — April  9,  1917.  Left  apex,  slight  dullness;  breath  sounds  diminished; 
Rales  fine  and  moist  to  third  rib  anteriorly  and  to  spine  of  scapula  posteriorly.  Right 
base  posteriorly  gives  fine  friction  rubs  on  deep  breathing. 

X-Ray  Signs. — .^pril  7,  1917.  Right  lung  fairly  normal.  Left  ape.x  and  first  inter- 
space moderately  densely  infiltrated.     Mediastinal  contents  normal. 
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No.5rCA5L4190; 

POSITION 

CHEST      DIMENSIONS 

LUNG 
CAPACITY 

RATIO 

100  X 

LUNG  CAP 

RATIO 

100  X 

VITAL  CAP 

STERNUM 

ANT;P0STIRAN5V[R5[ 

"CHtST 
VOLUME.- 

CHEST  VOL. 

CHEST  VOL. 

RtST 

cm. 

17.7 

cm. 

16.7 

cm. 

Z5.7 

liters 

760 

literi 

1.82- 

^4■.o 

30.5 

MAXINSP 

17.7 

174 

Zfc-3 

8.10 

^.^z 

41.0 

MAXWP 

177 

15.7 

Z4.9 

fc.9^ 

l.OZ 

147 

Text-Fig.  5. 
No.  5  (Case  4190). — Female,  stock  clerk;  age  17  years.    Incipient;  inactive.     Chronic 
miliary  tuberculosis  of  the  right  lung.     Sputum  —   — ,  on  admission  and  in  course  of 
treatment. 

Onset  7  months  ago  with  slight  cough  and  malaise,  and  dyspnea  on  e.tertion.  Under 
treatment  has  improved  in  symptoms  while  the  signs  have  remained  the  same. 

kg- 

Height  158  cm.    Theoretical  normal  weight 53.5 

Present  weight 59.0 

Patient's  idea  of  normal  weight 52 .0 

Date  of  highest  weight   0  months  ago 59.0 

"     "lowest        "      17        "        "  45.5 

Treatment  duration  6  months. 
Physical  Signs. — April  9,   1917.     Right,  no  impairment  of  resonance  or  change  in 
breath  sounds;  a  few  rales  after  cough  fairly  well  disseminated  throughout  the  right  lung. 
Left,  no  change  in  resonance  or  in  breath  sounds;  a  few  friction  rubs  at  the  base. 

X-Ray  Signs. — .-Xpril  7,  1917.  Right  lung  shows  very  fine  discrete  spotting  through- 
out. Left  apex  and  first  and  second  interspaces  show  slight  spotting  and  striations 
Mediastinal  contents  normal. 
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No.e(CA5£4151) 

POSITION 

CHEST      DIMENSIONS 

LUNG 
CAPACITY 

RATIO 
lOOX 

LUNG  CAP 

RATIO 
100  X 

VITAL  CAP 

STERNUM 

ANTPOSI 

IRAN5VER5L 

XHtST 
VOLUMf 

CHEST  VOL 

CHEST  VOL 

RL5T 

cm 

18.Z 

cm. 
17.6 

23.5 

liters 

T52. 

llUri 

1.86 

24.7 

18.0 

MAXINSP 

18.2. 

18.0 

Z4.7 

8.15 

Z.74 

33.6 

MAX  EXP 

18. Z 

16.9 

az.9 

7.04 

1.41 

20.Z 

7 
6 
5 

in 

4 

2 

1 

Text-Fig.  6. 
iVo.  (5  (Case4l51). — Female,  student;  age  19 years.     Incipient;  inactive.    Left  primary 
bronclius  obstruction  (large  gland).     Sputum  +  H ,  on  admission,  in  course  of  treat- 
ment, and  at  present. 

Onset  20  months  ago  with  malaise,  slight  cough,  and  dyspnea.  Under  treatment 
she  has  gained  much  in  weight,  is  still  dyspneic,  but  feels  much  better.  Physical  signs 
unchanged. 

kg- 

Height  158  cm.     Theoretical  norma!  weight 52 . 5 

Present  weight 52 . 5 

Patient's  idea  of  normal  weight 54. 5 

Date  of  highest  weight  22  months  ago 56.5 

"     "lowest         "       7        "        " 48.5 

Treatment  duration  7  months. 
Physical  Signs. — .\pril  9,  1917.     Right,  chest  normal;  no  impairment  of  resonance. 
Left,  breathing  diminished;  coarse  loud  rales  throughout  left  chest. 

X-Ray  Signs. — April  7,  1917.  Right  lung  a  httle  hazy  throughout.  Left  lung,  apical 
space  slightly  infiltrated;  rest  of  the  lung  shows  very  fine  slight  spotting  on  fu^l  inspiration. 
Mediastinal  contents  are  to  left.     Right  lung  area  much  increased. 
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No.7(CASE4309) 


Text-Fig.  7. 

No.  7  (Case  4309). — Female,  student;  age  16  years.     Incipient;  inactive.     Sputum 

+  H ,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  8  months  ago  with  malaise  and  slight  cough.  Under  treatment  s>'mptoms  and 
signs  have  markedly  diminished.     Patient  feels  perfectly  well. 

kt. 

Height  157  cm.     Theoretical  normal  weight 52 .0 

Present  weight 48 . 5 

Patient's  idea  of  normal  weight 45 . 5 

Date  of  highest  weight    0  months  ago 48.5 

"     "lowest        "      15        "        "  45.5 

Treatment  duration  3  months. 

Physical  Signs. — April  9,  1917.  Right  lung  normal.  Left,  slight  dullness  below 
clavicle;  breath  sounds  are  a  little  harsh;  rales  over  second  and  third  interspaces  ante- 
riorly and  to  fourth  spine  posteriorly  with  aid  of  cough. 

X-Ray  Signs. — .\pril  7,  1917.  Right  lung  normal.  Left,  first  and  second  interspaces 
moderately  densely  infiltrated.     Mediastinal  contents  normal. 
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No.8rCASE3996) 


Text-Fig.  8. 

Ifo.  S  {Case 3996). — Female,  trained  nurse;  age  35  years.  Incipient;  inactive.  Sputum 
+  =*=  — ,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  25  months  ago  with  malaise  and  cough.  Under  sanatorium  treatment  general 
condition  much  improved. 

*«• 

Height  172  cm.     Theoretical  normal  weight 68.0 

Present  weight 67 . 5 

Patient's  idea  of  normal  weight 66.0 

Date  of  highest  weight  0  months  ago 67 . 5 

"    "lowest        "      6        "        " 59.0 

Treatment  duration  1 1  months. 

Physical  Signs. — .\pril  9,  1917.  Right,  slight  impairment  of  resonance;  slight  in- 
crease in  sharpness  of  breath  sounds;  no  rales.  Left,  slight  dullness;  breath  sounds  slightly 
increased  in  intensity;  no  rales. 

X-Ray  Signs. — .\pril  7,  1917.  Right  apex  moderately  densely  infiltrated  and  spotted; 
rest  of  lung  normal.  Left  apex  moderately  densely  infiltrated  and  spotted;  rest  of  lung 
normal.     Mediastinal  contents  slightly  to  the  left. 


No.  9  (CASE  4061) 


Text-Fig.  9. 

No.  9  [Case  4061). — Female,  saleswoman;  age  34  years.  Advanced;  inactive.  Sputum 
+  H — h,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  48  months  ago  with  malaise,  cough,  expectoration,  and  slight  loss  of  weight. 
Under  sanatorium  treatment  general  condition  has  slightly  improved,  the  physical  signs 
remaining  the  same. 

*«. 

Height  160  cm.     Theoretical  normal  weight 58.5 

Present  weight 45.5 

Patient's  idea  of  normal  weight '. 50.0 

Date  of  highest  weight    6  years  ago 50.0 

"    "  lowest        "      12  months  ago 40.5 

Treatment  duration  10  months. 

Physical  Signs. — April  9,  1917.  Right,  slight  dullness;  breath  sounds  are  moderately 
harsh;  riles  occur  at  apex  to  fifth  rib  anteriorly  and  to  sLxth  spine  posteriorly  with  aid 
of  cough;  cavernous  breathing  at  right  ape.\.  Left,  moderate  dullness;  breath  sounds 
are  markedly  harsli;  rales  of  medium  moist  type  to  fifth  rib  anteriorly  and  to  sLxth  spine 
posteriorly,  greatly  increased  by  aid  of  cough. 

X-Ray  Signs. — .April  7,  1917.  Right  apc.x  and  first  interspace  densely  infiltrated; 
cavity  under  the  clavicle  1^  by  3|  cm.  Left  ape.x  and  first  and  second  interspaces 
quite  densely  infiltrated;  cavity  below  the  clavicle  4  by  3  cm.  Mediastinal  contents  cen- 
trally placed. 
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No.  lOCASE  4-314) 


POSITION 

CHEST      DIMENSIONS 

LUNG 
CAPACITY 

RATIO 

lOOX 

LUNG  CAP 

RATIO 

100  X 

VITAL  CAP 

STERNUM 

ANTPOSTIRANSVERSt 

"CHEST 
VOLUME.- 

CHEST  VOL 

CHEST  VOL. 

RLST 

cm. 

18.0 

cm 

14.6 

cm 

ZZ.l 

liters 

5.81 

liters 

Z.25 

38.6 

40.5 

MAXINSP 

18.0 

1-4.9 

Z4.0 

6.43 

3.35 

52.1 

MAX.EXP. 

18.0 

13.9 

21.5 

5.30 

1.0 

186 

Text-Fig.  10. 
No.  10  (Case  4314). — Female,  housewife;  age  30  years.     Moderately  advanced;  active. 

Sputum ,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  16  months  ago  with  malaise,  cough,  and  expectoration;  loss  of  strength  followed; 
slight  temperature.  Under  treatment  sjinptoms  became  stationary,  but  lesion  has 
progressed  slightly. 

kg. 

Height  155  cm.     Theoretical  normal  weight 53 . 5 

Present  weight 40 . 5 

Patient's  idea  of  normal  weight 47 . 5 

Date  of  highest  weight  8  years  ago 47.5 

"    "  lowest        "      3  months  ago 38.5 

Treatment  duration  3  months. 

Physical  Signs. — April  9,  1917.  Right,  marked  impairment  of  resonance;  breath 
sounds  harsh;  coarse  moist  riles  on  breathing,  with  an  increase  in  number  with  cough 
to  fourth  rib  anteriorly  and  sixth  spine  posteriorly.  Left,  slight  impairment  of  reso- 
nance; no  change  in  breath  sounds;  fine  moist  rales  increased  by  cough  to  third  rib  ante- 
riorly and  fourth  spine  posteriorly. 

X-Ray  5/g«.s.— April  7,  1917.  Right  apex  densely  spotted;  first  and  second  inter- 
spaces clear;  third  interspace  moderately  densely  spotted.  Left  apex  and  first  and  sec- 
ond interspaces  moderately  densely  spotted.     Mediastinal  contents  normal. 
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Noll  (CASE4059) 


POSITION 

CHEST      DIMENSIONS 

LUNG 
CAPACITY 

RATIO 

lOOX 

LUNG  CAP 

RATIO 

100  X 

VITAL  CAP 

STERNUM 

ANT:POST 

IRAN5V[R5t 

■CHCST 
VOLUML- 

CHfST  VOL 

CHEST  VOL. 

RtST 

cm. 

18.3 

cm. 

15.9 

cm. 

Z1.7 

liters 

6.32, 

liter^ 

Z5 

39.6 

270 

MAXINSP 

18.3 

16.4 

2Z.3 

6.fc8 

3.0 

449 

MAXIXP 

16.3 

H.9 

Zl.O 

236 

5.73 

I. J 

Text-Fig.  U. 

No.  11  (Case  4059). — Female,  stenographer;  age  20  years.  Moderately  advanced; 
active.     Sputum h  +,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  18  months  ago  with  cough,  malaise,  and  loss  of  weight.  Under  sanatorium 
treatment  general  condition  improved  and  sj-mptoms  diminished  markedly  although 

physical  signs  increased. 

kg. 

Height  160  cm.     Theoretical  normal  weight 54.5 

Present  weight 46.0 

Patient's  idea  of  normal  weight 45 . 5 

Date  of  highest  weight    3  months  ago 48 . 5 

"    "lowest       "       10        "        " 37.5 

Treatment  duration  10  months. 

Physical  Signs. — April  9,  1917.  Right,  slight  dullness;  breath  sounds  slightly  harsh; 
fine  moist  rales  to  second  rib  anteriorly  and  to  third  spine  posteriorly,  much  increased  with 
cough.  Upper  part  of  left  lung,  marked  dullness  at  apex  to  third  rib  anteriorly,  and  to 
sixth  spine  posteriorly;  breath  sounds  amphoric  anteriorly,  harsh  posteriorly;  medium 
moist  rales  to  fourth  rib  anteriorly  and  to  fifth  spine  posteriorly.  Cough  increased  the 
number  of  signs. 

X-Ray  Signs. — April  7,  1917.  Right  apex  and  first  and  second  interspaces  moderately 
spotted.  Left  apex  and  first  interspace  very  dense;  second  interspace  very  finely  stippled, 
^lediastinal  contents  entirely  to  the  left.     Right  lung  area  much  increased. 
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No.l2(CAS£388Z) 


POSITION 

CHEST      DlMmSlONS 

LUNG 
CAPACITY 

RATIO 
lOOX 

LUNG  CAP 

RATIO 

lOOX 

VITAL  CAP 

^TFRWIIMliMT-DfKT 

TRAN5VER5L 

-CHEST 
VOLUME." 

•   ~^ 

CHEST  VOL 

CHEST  VOL 

RtST 

cm. 

14.1 

cm. 

15.4 

c  m. 

23.6 

liters 

5.1^ 

liters 

?>5.?> 

31.5 

MAXINSP 

14.1 

16.4 

25.1 

e.fto 

26 

38.^ 

14.8 

23'.?. 

4.84 

0.9 

18.6 

i-^.i 

Text-Fig.  12. 
No.  12  {Case  38S2). — Female,  clerk;  age  21  years.     Moderately  advanced;  inactive. 
Sputum  +  +  -f,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  with  cougii  3  years  ago;  malaise  and  loss  of  weight  followed.  Later  a  high 
temperature  with  right  base  fluid  which  cleared  up  spontaneously  in  60  days.  Under 
treatment,  symptoms  have  markedly  improved  and  lesion  has  become  stationary. 

is. 

.  Height  157  cm.     Theoretical  normal  weight 53 . 5 

Present  weight 55.0 

Patient's  idea  of  normal  weight 53.5 

Date  of  highest  weight  1913 56.0 

"    "  lowest        "       16  months  ago 46.0 

Treatment  duration  15  months. 
Physical  Signs. — .\pril  9,  1917.  Right,  marked  dullness  to  fourth  rib;  harsh  breath- 
ing; medium  moist  rales  numerous  with,  and  fewer  without  aid  of  cough  to  fourth  rib 
anteriorly  and  sLxth  spine  posteriorly.  Left,  marked  dullness  to  third  rib;  harsh  breath- 
ing; r41es  are  rather  moist,  increased  by  cough,  to  third  rib  anteriorly  and  fourth  spine 
posteriorly. 

X-Ray  Signs. — .April  7,  1917.  Right  ape.x  and  first  and  second  interspaces  moderately 
densely  stippled  and  striated.  Left  apex  and  first  interspace  moderately  densely  stip- 
pled and  striated.     Mediastinal  contents  normal. 
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STUDIES   OF   LUNG   VOLUME.      Ill 


N0.13CCASE4191) 


Text-Fig.  13. 

No.  13  (Case  4191). — Female,  factory  worker;  age  18  years.     Moderately  advanced; 

active.     Sputum h,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  6  months  ^go  with  hemoptysis.  With  sanatorium  treatment  sjTnptoms  mark- 
edly decreased,  but  physical  examination  shows  an  increase  in  the  size  of  the  lesion. 

H. 

Height  157  cm.     Theoretical  normal  weight 51.0 

Present  weight 57 .0 

Patient's  idea  of  normal  weight ■. 52 . 0 

Date  of  highest  weight    2  months  ago 57.5 

"    "  lowest       "       11        "        " 48.0 

Treatment  duration  6  months. 

Physical  5Jg«i.— April  9,  1917.  Right,  slightly  dull;  breath  sounds  slightly  harsh; 
medium  moist  riles  to  third  rib  anteriorly  and  to  fourth  spine  posteriorly,  very  much 
increased  by  cough.  Left,  no  dullness;  breath  sounds  slightly  harsh;  medium  moist 
riles  to  third  rib  anteriorly  and  to  fourth  spine  posteriorly,  much  increased  with  the  aid 
of  cough. 

X-Ray  Signs. — -April  7,  1917.  Right  apex  and  first  and  second  interspaces  moderately 
densely  infiltrated.  Left  apex  and  first  and  second  interspaces  moderately  densely 
infiltrated.     Mediastinal  contents  a  little  to  the  left. 


A.  GARVIN,  C.  LUNDSGAARD,  AND  D.  D.  VAN  SLYKE 


147 


No.l4(i:A5L4044) 


POSITION 

CHEST      DIMENSIONS 

LUNG 
CAPACITY 

RATIO 

lOOX 

LUNG  CAP 

RATIO 
lOOX 

VITAL  CAP 

STERNUM 

ANTPOST IIWI5VER5L 

••CHeST 
VOLUME." 

CHEST  VOL 

CHEST  VOL 

REST 

cm. 

17.  Z 

cm. 

16.4 

cm 

E3.5 

liters, 

£.GZ 

liters 

170 

£5.6 

Z7.Z 

MAXINSP 

irz 

176 

2.4.3 

7.34 

Z.QO 

38.1 

MAXEXP 

irz 

15.8 

2.3.0 

6.Z5 

1.0 

16.0 

Text-Fig.  14. 
No.  14  {Case  4044). — Female,  stenographer;  age  17  years.     Moderately  advanced; 
inactive.     Sputum  +  -\ — h,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  17  months  ago  with  cough  and  e.^cpectoration;  no  physical  discomfort.  Under 
treatment  cough  has  diminished  and  weight  increased.  Physical  signs  have  diminished 
markedly. 

kg. 

Height  156  cm.     Theoretical  normal  weight 50.5 

Present  weight 59.0 

Patient's  idea  of  normal  weight 48 . 5 

Date  of  highest  weight    1  month  ago 60.0 

"    "  lowest       "       19  months  "    47 . 5 

Treatment  duration  11  months. 
Physical  Signs. — .\pril  9,  1917.     Right  lung  normal.     Left,  slight  dullness  over  third, 
fourth,  and  fifth  interspaces  anteriorly;  breathing  harsh  over  this  area;  fine  rales  after 
cough  in  this  area.     Posteriorly  there  are  no  physical  signs. 

X-Ray  Signs. — April  7,  1917.  Right  lung  clear.  Left,  first,  second,  and  tliird  inter- 
spaces moderately  densely  infiltrated.  Mediastinal  contents  markedly  to  the  left.  Right 
lung  area  is  much  increased. 
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No.]5  (CASe:4]92) 


POSITION 

CHEST      DIMENSIONS 

LUNG 
CAPACITY 

RATIO 

100  X 

LUNG  CAP 

RATIO 

lOOX 

VITAL  CAP 

STERNUM 

ANT;P0STIRAN5VER5L 

"CHtST 
VOLUMf 

CHEST  VOL 

CHEST  VOL. 

RtST 

cm. 

17.4- 

cm. 

153 

cm. 

25.4 

liters 

6.77 

lilei-s 

1.51 

2Z.3 

393 

MAXINSP 

17.4 

1G.4 

2.6.1 

744 

360 

484 

MAX-EXP 

174 

14.G 

Z-3.4 

596 

0.8fc 

144 

Text-Fig.  15. 
No.  15  (Case  4192). — Female,  clerk;  age  16  years.     Moderately  advanced;  inactive. 
Sputum  H — I — h,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  18  months  ago  with  cough  and  slight  hemoptysis.  Under  treatment  general 
condition  improved  slightly,  but  rale  area  indicates  increase  of  disease. 

kg. 

Height  163  cm.     Theoretical  norma!  weight 53 . 0 

Present  weight 55 . 0 

Patient's  idea  of  normal  weight 50.5 

Date  of  highest  weight  2  months  ago 55 . 5 

"    "  lowest        "      5        "        " 50.5 

Treatment  duration  6  months. 
Physical  Signs. — .'\pril  9,  1917.     Right,  slight  dullness;  breath  sounds  slightly  harsh; 
medium  fine  moist  rales  to  second  rib  anteriorly  and  si.xth  spine  posteriorly  with  aid  of 
cough.     Left,  slight  dullness;  breath  sounds  normal;  medium  moist  rales  at  apex  to 
third  rib  anteriorly  and  fourth  spine  posteriorly  with  aid  of  cough. 

X-Ray  Signs. — .\pril  7,  1917.  Right  apex  and  first  interspace  slightly  stippled  and 
striated.  Left  apex  and  first  and  second  interspaces  moderately  stippled  and  striated. 
Mediastinal  contents  normal. 
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Kol6CCA5£3947.) 


POSITION 

CHEST      DIMENSIONS 

LUNG 
CAPACITY 

RATIO 
lOOX 

LUNG  CAP 

RATIO 

lOOX 

VITAL  CAP 

STERNUM 

ANTPOST 

TRW5V[R5[ 

■CHtST 
VOLUMt" 

CHEST  VOL 

CHEST  VOL 

Rt5T 

cm. 

197 

cm. 

15.6 

c  m. 

23.3 

liters 

715 

liters 

2.Z0 130.8 

Z9.3 

MAXINSP 

19.7 

16.4 

248 

8-00 

3.20 

^00 

MAXIXP 

19.7 

14.7 

227 

658 

1.10 

1G7 

Text-Fig.  16. 

No.  16  (Case  3947). — Female,  cashier;  age  20  years.  Moderately  advanced;  active. 
Sputum  +  H — h,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  14  months  ago  with  malaise,  loss  of  weight,  pleurisy,  and  cough  with  expectora- 
tion. Under  sanatorium  treatment  general  condition  and  weight  improved,  and  physical 
signs  have  diminished. 

kg. 

Height  156  cm.     Theoretical  normal  weight 52 .0 

Present  weight 50.0 

Patient's  idea  of  normal  weight 52  0 

Date  of  highest  weight  36  months  ago 60 . 0 

"      "lowest        "      14        "        "  •. 47.0 

Treatment  duration  12  months. 

Physical  Signs. — .\pril  9,  1917.  Right,  slight  dullness  to  second  rib;  no  breath  sound 
change;  rales  after  cough  to  second  rib  anteriorly  and  fourth  spine  posteriorly.  Left 
lesion  gives  the  same  signs  to  almost  exactly  the  same  extent.  In  12  months  the  physical 
signs  have  diminished  about  one-half. 

X-Ray  Signs. — .\pril  7,  1917.  Right  apex  and  first  interspace  moderately  densely 
spotted  and  striated;  second  and  third  interspaces  finely  stippled.  Left  apex  and  first 
and  second  interspaces  present  a  mLxture  of  coarse  and  fine  stipplings.  Mediastinal  con- 
tents normal. 


Ko.l7(CAS£  42.83) 


Text-Fig 


No.  17  {Case  42S3). — Female,  domestic;  age  39  years.  Moderately  advanced;  in- 
active.    .Sputum  +  +  +,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  insidious  6  months  ago,  with  malaise,  slight  cough,  and  slight  hemoptysis. 
Under  sanatorium  treatment  symptoms  disappeared  and  physical  signs  have  diminished 
in  number. 

ts- 

Height  171  cm.     Theoretical  normal  weight 67 . 5 

Present  weight 56 . 5 

Patient's  idea  of  normal  weight 54 . 5 

Date  of  highest  weight  40  months  ago 58.0 

"      "lowest        "        9        "        " 51.0 

Treatment  duration  3  months. 

Physical  Signs. — April  9,  1917.  Right,  resonance  impaired  to  third  rib;  harsh  breath- 
ing; fine  riles  after  cough  to  fourth  interspace  anteriorly  and  fifth  spine  posteriorly. 
Left,  resonance  impaired  to  second  rib;  breathing  is  diminished  in  intensity;  fine  riles 
after  cough  to  second  rib  anteriorly  and  fourth  spine  posteriorly. 

X-Ray  Signs. — April  7,  1917.  Right  ape.\  and  first  interspace  slightly  stippled  and 
striated;  the  fourth  and  fifth  interspaces  are  very  slightly  stippled.  Left  apex  and  first 
and  second  interspaces  are  slightly  striated  and  stippled.  Mediastinal  contents  cen- 
trally placed. 
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No.16(CASE4Z64) 


POSITION 

CHEST      DIMENSIONS 

LUNG 
CAPACITY 

RATIO 
100  X 

LUNG  CAP 

RATIO 

100  X 

VITAL  CAP 

STERNUM 

ANTPOST 

VOLUME" 

CHEST  VOL 

CHEST  VOL, 

Rt5T 

cm, 

19.4 

cm. 
16.4 

cm. 

25.6 

liters 

8.15 

Tilers 



23.4 

MAXINSP 

19.4 

17.3 

Z6.0 

8.7Z 

2.9 

33.2 

MAXIXP 

19.4 

15.7 

25.0 

762 

1.0 

13.1 

Text-Fig.  18. 

No.  18  (Case  4264). — Female,  factory  worker;  age  19  years.     Moderately  advanced; 

active.     Sputum  -\ ,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  12  months  ago  witti  cough  and  expectoration;  later  marked  temperature  de- 
veloped. Under  treatment  s>'mptoms  have  improved,  but  physical  signs  have  increased 
slightly. 

ks- 

Height  157  cm.     Theoretical  normal  weight 52.5 

Present  weight 62.0 

Patient's  idea  of  normal  weight 54 . 5 

Date  of  highest  weight  3  months  ago 63 . 5 

"     "lowest        "     9        "       "  51.5 

Treatment  duration  5  months. 

Physical  Signs. — AprU  9,  1917.  Right,  slight  impairment  of  resonance;  breath  sounds 
are  a  little  increased  in  intensity;  numerous  fine  and  moist  rales  with  cough  to  third  rib 
anteriorly  and  fourth  spine  posteriorly;  a  few  rales  in  this  area  on  breathing  without 
cough.  Left,  marked  dullness;  breath  sounds  are  diminished  in  intensity;  rales  on  breath- 
ing, but  much  increased  in  number  by  cough,  e.xtending  to  fourth  rib  anteriorly  and  sixth 
spine  posteriorly. 

X-Ray  Signs. — April  7,  1917.  Right  apex  clear;  first,  second,  and  third  interspaces 
slightly  spotted  and  striated.  Left  apex  and  first  and  second  interspaces  very  dense; 
third  interspace  less  dense.     Mediastinal  contents  to  the  left.     Right  lung  area  increased. 
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No.l9  (CASE  3906) 


POSITION 

CHEST      DIMENSIONS 

LUNG 
CAPACITY 

RATIO 

100  X 

LUNG  CAP 

RATIO 

100  X 

VITAL  CAP 

STERNUM 

ANrtPOSi  jmmM. 

"CHEST 
VOLUME.- 

CHEST  VOL. 

CHEST  VOL. 

RtST 

cm. 

16.5 

cm. 

17.3 

cm 

25.3 

Iiters 

6.11 

lilers 

30.1 

MAXINSP 

ia.5 

ia.7 

ae.e 

9.20 

4.4 

47  6 

MAX.EXP 

18.5 

\t.z 

24.6 

r.43 

1.9 

24.5 

Text-Fig.  19. 

No.  19  {Case  390S). — Female,  factory  inspector;  age  23  years.  .Advanced;  active. 
Sputum  +  +  +,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  25  months  ago  with  malaise,  slight  loss  of  weight,  slight  cough,  and  slight  tem- 
perature. Aphonia  for  last  10  months  (tuberculous  laryngitis).  Under  sanatorium 
rest  temperature  has  become  normal;  lung  lesion  has  progressed  slightly. 

H- 

Height  173  cm.     Theoretical  normal  weight 64. 0 

Present  weight 70 . 0 

Patient's  idea  of  normal  weight 60,0 

Date  of  highest  weight  14  months  ago 77 .5 

"     "lowest        "       2        "        "  69.5 

Treatment  duration  14  months. 

Physical  Signs. — April  9,  1917.  Right,  dull  to  fifth  interspace;  harsh  breathing; 
numerous  very  moist  rales  without  cough  through  the  lung  anteriorly,  and  to  the  seventh 
spine  posteriorly.     Left  lung  seems  normal. 

X-Ray  Signs. — .\pril  7,  1917.  Right  lung  moderately  densely  spotted  and  striated 
to  the  fourth  interspace;  cavity  under  the  clavicle  5  cm.  in  diameter.  Left  lung  clear. 
Mediastinal  contents  very  markedly  to  the  right.     Left  lung  area  greatly  increased. 
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No.  20  (CASE  4103) 


Text-Fic.  20. 

No.  20  (Case  4103). — Female,  cotton  mill  worker;  age  25  years.     Moderately  advanced; 

active.     Sputum  +  H ,  on  admission,  in  course  of  treatment,  and  at  present. 

Onset  14  months  ago  with  malaise,  loss  of  weight,  cough,  and  hemoptysis.  Under 
sanatorium  treatment  the  symptoms  almost  disappeared,  and  the  signs  are  greatly 
diminished  in  number. 

is- 

Height  170  cm.     Theoretical  normal  weight , 62.5 

Present  weight 76 . 0 

Patient's  idea  of  normal  weight 68.0 

Date  of  highest  weight    3  months  ago 79.0 

"      "lowest        "      15        "        "  61.0 

Treatment  duration  9  months. 

Physical  Signs. — April  9,  1917.  Right,  moderate  impairment  of  resonance;  breath 
sounds  increased  in  intensity  and  medium  moist  rales  from  ape.x  to  fourth  rib  anteriorly 
and  to  sLxth  spine  posteriorly  with  aid  of  cough.     Left  lung  seems  normal. 

X-Ray  Signs. — April  7,  1917,.  Right  apex  and  first  interspace  moderately  densely 
infiltrated.     Left  apex  slightly  infiltrated.     Mediastinal  contents  normal. 


I      2     3     4     5      6     7     8 


"Height 


Maximum 
In5piratton 


Middle 
Position 


Maximum 
Expirdtion 


Right  40    25     20     2 Z    35     3      0     35lMdxlrT,am  mo/e-  , 
Left    40   35     20    22    25    -I      0    4 5J  ment  of" diaphrdsm 
. in  centimeters 


The  numbers  below  indicate  the  maximum  excursion  of  the  right  and  left 
diaphragm.  The  numbers  above  the  chart  refer  to  the  individual  diagrams  and 
descriptions. 

Text-Fig.  21.  Lung  volumes  in  women  with  incipient  pulmonary  tuber- 
culosis as  determined  (solid  lines)  and  calculated  (broken  lines)  from  thoracic 
measurements. 
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Text-Fig.  22.  Lung  volumes  in  women  with  moderately  advanced  and  advanced  (Nos.  9  and  19) 
pulmonarj'  tuberculosis  as  determined  (solid  lines)  and  calculated  (broken  lines)  from  thoracic  measure- 
ments. 
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THE  SOLVENT  ACTION  OF  ANTISEPTICS  ON  NECROTIC 
TISSUE. 

By  HERBERT  D.  TAYLOR,  M.D.,  and  J.  HAROLD  AUSTIN,  M.D. 

{From  the  Laboratories  of  The  Rockefeller  Iiistiliile  for  Medical  Research.) 

Plate  S. 

(Received  for  publication,  October  1,  1917.) 

The  recent  interest  in  the  chemical  sterilization  of  wounds  has  led 
to  the  introduction  of  numerous  new  antiseptics,  each  of  which  has 
in  turn  been  advocated  because  of  some  advantage,  real  or  apparent. 
For  many  of  these  compounds,  claims  have  been  made  which  are 
not  always  confirmed  by  carefully  controlled  experiments.  Carrel 
and  Dehelly'  emphasize  that,  for  the  removal  of  the  necrotic  tissue 
that  remains  after  mechanical  cleansing,  Dakin's  hypochlorite  solu- 
tion is  the  antiseptic  of  choice  because  of  its  solvent  action  on  devital- 
ized tissue,  and  Dakin  and  Dunham-  also  recognize  the  value  of  the 
hj'pochlorite  solution  for  this  purpose. 

Dakin's  solution  was  shown  by  Fiessinger  and  his  coworkers'  to 
have  a  disintegrating  action  on  pus  cells.  Rous  and  Jones^  have 
shown  that  intact  leukocytes  may  protect  virulent  bacteria  which 
they  have  phagocyted  from  the  action  of  antiseptics,  and  that  subse- 
quently these  bacteria  may  prohferate  under  suitable  conditions. 
Dakin's  solution,  by  its  solvent  action  on  these  leukocytes,  mini- 
mizes the  danger  of  reinfection  of  the  wound  from  this  source.  Be- 
cause of  this  action  on  necrotic  tissue,  pus,  and  serum  clot.  Carrel  and 
Dehelly  recommend  Dakin's  hypochlorite  solution   for  the  sterili- 

'  Carrel,  A.,  and  Dehelly,  G.,  The  treatment  of  infected  wounds.  New  York, 
1917,  150,  192. 

'  Dakin,  H.  D.,  and  Dunham,  E.  K.,  A  handbook  on  antiseptics.  New  York, 
1917,  14. 

'  Fiessinger,  N.,  Moiroud,  P.,  Guillaumin,  C.  O.,  and  Vienne,  G.,  Ann.  med., 
1916,  iii,  133. 

^  Rous,  P.,  and  Jones,  F.  S.,  /.  Exp.  Med.,  1916,  xxiii,  601. 
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zation  of  infected  wounds.^  Bashford^  has  demonstrated  the  abihty 
of  Dakin's  solution  in  high  dilution  to  erode  the  tissues  of  the  tad- 
pole's abdomen.  He  showed  also  that  this  occurred  only  after  the 
circulation  to  the  part  had  been  interrupted  for  some  time,  due  to 
the  death  of  the  organism. 

As  this  erosive  action  of  Dakin's  solution  is  an  important  factor, 
the  following  experiments  were  planned  to  compare  its  solvent  action 
with  that  of  certain  other  chlorinated  antiseptics.  Fiessinger  and  his 
coworkers'  concluded  that  the  essential  factor  in  the  solvent  action  of 
the  hj-pochlorites  is  their  alkalinity.  Our  experiments  were  therefore 
designed  to  determine  the  importance  of  three  factors:  the  alkalinity, 
the  nature  of  the  chlorinated  antiseptic  employed,  and  the  chlorine 
concentration  of  the  latter. 

Method. 

The  solvent  action  of  the  various  substances  employed  was  tested 
by  adding  50  cc.  of  each  solution  to  5  cc.  of  an  emulsion  of  macerated 
liver  tissue  in  a  100  cc.  bottle.  The  mixture  was  thoroughly  shaken 
every  half  hour  for  2  hours.  A  15  cc.  portion  was  then  removed  to  a 
centrifuge  tube  and  in  each  case  centrifuged  at  the  same  high  speed 
for  5  minutes.  The  volume  in  cubic  centimeters  of  the  sediment  thrown 
down  was  measured.  The  solvent  action  was  shown  by  diminution 
of  the  amount  of  sediment  compared  with  that  obtained  from  inert 
solutions  such  as  water  or  normal  saline  solution. 

The  liver  emulsion  was  prepared  in  Experiment  1  from  rabbit 
liver,  in  the  other  experiments  from  cat  liver.  In  Experiments  1,2, 
3,  and  4  the  hver  was  purposely  infected  by  handling,  placed  in  the 
incubator  at  37°C.  until  thoroughly  necrotic,  cut  into  small  pieces, 
suspended  in  saline  solution,  shaken  in  a  bottle  with  broken  glass  to 
emulsify  it,  and  strained  through  a  single  layer  of  gauze.  In  Experi- 
ment 5  cat  liver  was  similarly  emulsified  and  used  after  12  hours'  pres- 
ervation in  the  ice  box.  The  solutions  employed  were  prepared  as 
follows: 

^Carrel,  .\.,  and  Dehelly,  G.,  The  Ireatmcnt  of  intecled  wounds,  New  York, 
1917,  109. 

'■  Bashford,  E.  F.,  Lancd,  1917,  cxciii,  595. 
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Control  Solutions. — Neutral:  water  and  normal  saline  solution. 
Weakly  alkaline:  a  solution  of  sodium  carbonate,  1  gm.,  and  sodium 
bicarbonate,  17  gm.  per  liter  of  water;  this  solution  has  approximately 
the  alkalinity  of  a  properly  prepared  Dakin's  solution.  Strongly 
alkaline:  0.1  N  sodium  hydro.xide. 

Chloramine-T  Solutions. — Chloramine-T  solutions  were  prepared  by 
dissohang  the  required  amount  of  chlorazene'  in  the  appropriate  con- 
trol solution  to  obtain  neutral,  weakly  alkahne,  or  strongly  alkahne 
chloramine  solutions. 

Hypochlorite  Solutions. — Weakly  alkahne:  ordinary  Dakin's  solu- 
tion prepared  either  from  bleaching  powder  or  by  the  action  of  liquid 
chlorine  on  sodium  carbonate  solution,  in  either  case  with  careful 
control  of  the  degree  of  alkahnity  as  well  as  of  the  hypochlorite 
content.  Neutral:  chlorine  gas  passed  through  sodium  carbonate 
solution,  28  gm.  per  liter,  until  the  solution  just  ceased  to  give  a  flash 
of  pink  upon  the  addition  of  alcohoHc  solution  of  phenolphthalein,  1 
per  cent;  the  hj-pochlorite  content  was  determined  by  titration,  and 
the  solution  diluted  with  water  to  the  desired  strength.  This  solution 
was  always  prepared  immediately  before  use,  as  a  considerable  pro- 
portion of  the  total  hypochlorite  is  present  as  hypochlorous  acid, 
and  the  decomposition  of  the  solution  is  very  rapid  (Cullen  and 
Austin^).  Strongly  alkahne:  A  double  strength  neutral  solution  of 
hypochlorite  was  prepared  as  just  described  and  immediately  added 
to  an  equal  volimie  of  0.2  n  sodium  hydroxide  solution. 

Chlorinated  Oils. — Parafhn  oil  and  eucalyptol  were  mixed  in  equal 
parts,  and  the  same  oils  chlorinated  according  to   Dakin's  method.* 

Dichloramine-T. — A  15  per  cent  solution  was  made  in  chlorinated 
eucal>'ptol  and  then  mixed  with  an  equal  volume  of  chlorinated 
paraffin  oil.  In  the  experiments  in  which  the  oils  were  used(E.xperi- 
ment  1,  Tubes  5,  6,  and  7;  Experiment  2,  Tubes  4,  5,  and  6;  Experi- 
ment 3,  Tube  9),  except  in  Experiment  3,  Tube  10,  5  cc.  of  liver  emul- 
sion were  added  to  50  cc.  of  water  or  of  one  of  the  control  solutions, 
and  15  cc.  of  the  oil  used  were  superimposed  upon  tliis  mLxture; 
the  mixture  was  well  shaken  every  half  hour  with  a  rotary  motion. 

'  Prepared  by  the  .\bbott  Laboratories,  New  York. 

^  Personal  communication. 

^  Dakin,  H.  D.,  Brit.  Med.  J.,  1915,  ii,  318. 
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At  the  end  of  2  hours,  after  again  being  shaken,  the  oil  was  allowed 
to  separate  from  the  aqueous  suspension  and  15  cc.  portions  were 
immediately  removed  from  the  latter  for  centrifuging.  In  Tube  10 
of  Experiment  3,  the  5  cc.  of  Hver  emulsion  were  introduced  into  50 
cc.  of  the  oil  without  water  and  shaken  continuously  for  2  hours. 

The  sodium  hypochlorite  equivalent  of  the  hypochlorite  and  other 
chloramine  -solutions  was  determined  by  the  addition  of  potassium 
iodide  solution  and  glacial  acetic  acid  to  10  cc.  samples  and  titration 
of  the  iodine  liberated  with  0.1  N  sodium  thiosulfate. 


In  Experiment  1,  Table  I,  Solutions  8  and  9  being  taken  as  controls, 
no  solvent  effect  was  noted  after  the  action  of  chloramine-T  solution 
or  of  the  chlorinated  oils,  with  or  without  dichloramine-T.  Dakin's 
solution,  on  the  other  hand,  had  a  marked  solvent  action,  which  was 
apparent  upon  inspection  of  the  bottles,  even  in  the  first  15  minutes. 
This  was  accompanied  by  pronounced  bleaching  of  the  emulsion.  A 
still  more  rapid  and  marked  action,  similar  in  character,  was  obtained 
from  the  strongly  alkaline  hj'pochlorite.  Figs.  1  and  2  show  the 
results  of  this  experiment  at  the  end  of  2  hours.     The  reaction  of  the 


TABLE   I. 
Experiment  1. 


5  cc.  of  liver  emulsion  in  50  cc.  of  the  following  solutions: 


Neutral  chloramine-T,  0.5  per  cent,  equivalent  to  sodium  h>-po- 
chlorite,  0.12  per  cent 

Neutral  chloramine-T,  0.2  per  cent,  equivalent  to  sodium  hypo- 
chlorite, 0.5  per  cent 

Weakly  alkaline  hj'pochlorite,  0.5  per  cent  (Dakin's  solution)  . .  . 

Strongly       "  "  0.5     "      "  "  "... 

Water  +  paraffin  oil  and  eucaljptol.* 

"      -|-  chlorinated  paraffin  oil  and  eucalyptol.* 

"  -f  "  "  "  "  "  -f  dichloramine-T, 
7.5  per  cent 

Salt  solution 

Water 


0.30 

0.25 
0.05 
0.02 
0.27 
0.28 

0.27 
0.28 
0.27 


*  5  cc.  of  liver  emulsion  in  50  cc.  of  water,  overlaid  with  15  cc.  of  oil. 
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solutions  used,  however,  varied,  as  well  as  the  nature  of  the  antisep- 
tic substance.  Experiment  2  was  therefore  performed  with  solutions 
of  approximately  the  same  reaction  (Table  II). 

The  results  of  this  experiment  confirm  those  observed  in  Experi- 
ment 1.  Chloramine-T  and  dichloramine-T  were  without  solvent 
action,  whereas  Dakin's  hypochlorite  gave  marked  solution.  In 
Experiment  3,  Table  III,  the  effect  of  diminishing  the  concentration 
of  the  antiseptic  in  a  solution  of  the  same  reaction  was  tested.  Both 
weakly  alkaline  and  strongly  alkaline  solutions  were  employed. 

TABLE   II. 

Experiment  2. 


5  cc.  of  liver  emulsion  in  50  cc.  of  the  following  solutions: 


Weakly  alkaline  carbonate-bicarbonate  solution 

"  "  "  "  -|-  chloramine-T,  2 
per  cent ^ .  .  .  . 

Weakly  alkaline  hj-pochlorite,  stock  Dakin's  solution  (sodium  hypo- 
chlorite, 0.5  per  cent) 

Weakly  alkaline  carbonate-bicarbonate  solution  +  paraffin  oil  and 
eucalyptol.* 

Weakly  alkaline  carbonate-bicarbonate  solution  +  chlorinated  paraf- 
fin oil  and  eucal}ptol.* 

Weakly  alkaline  carbonate-bicarbonate  solution  -1-  chlorinated  paraf- 
fin oil  and  eucalj-ptol  +  dichloramine-T,  7.5  per  cent.* 


1.27 
1,24 
0,08 
1,23 
1.24 
1.32 


*  5  cc.  of  liver  emulsion  in  50  cc.  of  carbonate-bicarbonate  solution,  overlaid 
with  15  cc.  of  oil. 


This  e.xperiment  showed  a  loss  of  the  solvent  action  in  weakly  alka- 
line hypochlorite  solutions,  occurring  suddenly  between  0.2  and  0.3 
per  cent  sodium  hypoclilorite  concentration.  In  the  strongly  alka- 
line solutions  the  solvent  action  was  marked,  even  at  the  lowest  hypo- 
chlorite concentration  employed.  This  experiment,  taken  in  con- 
junction with  the  well  known  rapid  drop  in  the  sodium  hypochlorite 
titer  of  Dakin's  solution  in  contact  with  tissues,  indicates  that  any 
solvent  action  resulting  from  its  appHcation  clinically  may  be  ex- 
pected to  occur  in  the  first  few  minutes  and  emphasizes  the  impor- 
tance of  frequent  flushing  of  wounds  with  the  solution. 
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In  order  to  distinguish  between  the  effects  of  alkalinity  and  of  hy- 
pochlorite concentration.  Experiment  4  was  performed  (Table  IV). 
The  neutral  hjpochlorite  solutions  were  prepared  as  described  above. 
For  the  neutral  control,  saline  solution  was  employed.  The  weakly 
alkahne  hypochlorite  solutions  in  the  column  headed  "Weakly  al- 
kaline due  to  hypochlorite"  were  prepared  as  already  described,  ex- 
cept that  the  chlorine  gas  was  passed  into  sodium  hydroxide  solution 
instead  of  into  sodium  carbonate,  thus  producing  a  solution  of  which 

TABLE    III. 
Experimenl  3. 


5  cc.  of  liver  emulsion  in  50  cc.  of  the  foHowinK  solutions; 


Water 

Neutral  chloramine-T,  2  per  cent,  equivalent  to  sodium  hifpochlorite, 

0.5  per  cent 

Weakly  alkaline  hypochlorite  (sodium  hypochlorite,  0.5  per  cent).  .  . 

0.4 


Strongly 


0.3 
0.2 
0.5 
0.2 


Water  +  chlorinated  paraffin  oil  and  eucalyptol  -|-  dichloramine-T, 
7.5  per  cent.* 

Chlorinated  paraffin  oil  and  eucalyptol  +  dichloramine-T,  7.5  per 
cent,  without  water.f 


0.25 

0.22 

0.01 

0.01 

0.02 

0.22 

Tr. 

0.08 

0  25 

0.22 


*  5  cc.  of  liver  emulsion  in  50  cc.  of  water,  overlaid  with  15  cc.  of  oil.     Shaken 
continuously  for  2  hours. 

t  5  cc.  of  liver  emulsion  in  50  cc.  of  oil.     Shaken  continuously  for  2  hours. 


the  alkahnity  was  due  almost  entirely  to  sodium  hypochlorite,  and 
which  was  without  buffer  substances.  The  hypochlorite  solution  in 
the  column  headed  "  Weakly  aUcahne  due  to  carbonate-bicarbonate" 
and  the  strongly  alkahne  solution  were  prepared  exactly  as  described 
above.  Table  IV  shows  that  in  the  control  solutions  solvent  action 
occurred  only  in  the  strongly  alkaline  solution.  A  somewhat  more 
marked  solvent  action  was  obtained  when  hypochlorite,  even  in  the 
low  concentration  of  0.1  per  cent,  was  added  to  the  alkali.  No  sol- 
vent action  was  obtained  in  the  weakly  alkaline  control,  as  compared 
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with  the  neutral  control  of  nonnal  saline  solution.  When  hypochlor- 
ite was  added  to  the  weakly  alkahne  carbonate-bicarbonate  solution, 
or  when  a  weakly  alkaline  solution  of  sodium  hypochlorite  without 
carbonates  was  prepared,  no  solvent  action  was  present  at  a  concen- 
tration of  0.1  per  cent,  but  it  was  marked  at  a  concentration  of  0.2 
per  cent.  The  change  in  solvent  action  resulting  from  small  varia- 
tions in  hypochlorite  concentration  at  about  0.2  per  cent  was  striking, 
confirming  the  results  of  Experiment  3.  The  absence  of  solvent  ac- 
tion of  Dakin's  solution  below  a  hypochlorite  concentration  of  1 :  500 
contrasts  sharply  with  the  marked  bactericidal  action  of  the  same 
solution  in  serum  to  1:  1,500,  and  in  water  to  1:  500,000  on  Staphy- 
lococcus aureus}"  In  neutral  solution  at  a  hypochlorite  concentration 
of  0.2  per  cent,  solvent  action  was  very  slight.  At  0.3  per  cent  it 
was  moderate,  and  at  0.5  per  cent  marked. 

TABLE    IV. 
Experiment  4. 


Hvrochlorite 
solutions. 

Reaction  o(  solutions. 

Neutral. 

Weakly  alkaline. 

Tube  No. 

Due  to 
carbonate- 
bicarbonate. 

Due  to 
hypochlorite. 

Strongly 
alkaline. 

Sediment. 

Sediment. 

Sediment. 

Sediment. 

per  cent 

cc. 

cc. 

cc. 

«. 

1 

0.5 

0  01 

0  01 

0.01 

Tr. 

2 

0.3 

0.04 

0.01 

0  01 

" 

3 

0  2 

0.10 

0.01 

0  01 

" 

4 

0.1 

0  14 

0.13 

0.12 

" 

5 

Control. 

0.12 

0.12 

0.04 

Experiment  5  serves  as  a  final  control  of  the  solvent  action  of  alkali 
alone,  of  chloramine-T  added  to  neutral,  weakly  alkaline,  and  strongly 
alkaline  solutions,  and  of  hypochlorite  solutions  of  the  three  grades 
of  alkalinity.  It  is  clear  that  chloramine-T,  even  in  a  2  per  cent  solu- 
tion, has  no  solvent  action  except  that  due  to  the  alkalinity  of  the 
solution  in  which  it  is  dissolved,  and  that  therefore  it  is  without  this 

i»  Dakin,  H.  D.,  Cohen,  J.  B.,  and  Kenyon,  J.,  Brit.  Med.  J.,  1916,  i,  160. 
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action  in  the  grade  of  alkalinity  permissible  for  clinical  use.  On  the 
other  hand,  0.5  per  cent  neutral  sodium  h^-pochlorite-hypochlorous 
acid  solution  (Tube  7)  has  a  marked  solvent  effect,  which  must  be 
attributed  to  the  action  of  the  chlorine  unaided  by  alkali.  Fig.  3 
shows  the  results  of  Experiment  5  (Table  \)  at  the  end  of  2  hours. 


TABLE    V. 
Experimenl  5. 


of  liver  emulsion  in  50  cc.  of  the  following  solutions: 


Neutral  control  (salt  solution) 

Weakly  alkaline  control  (carbonate-bicarbonate) 

Strongly      "  "       (0.1  N  sodium  hydroxide) 

Neutral  chloramine-T,  2  per  cent,  equivalent  to  sodium  hj'pochlorite, 
0.5  per  cent 

Weakly  alkaline  chloramine-T,  2  per  cent,  equivalent  to  sodium  hy- 
pochlorite, 0.5  per  cent 

Strongly  alkaline  chloramine-T,  2  per  cent,  equivalent  to  sodium  hy- 
pochlorite, 0.5  per  cent 

Neutral  hypochlorite  (sodium  hypochlorite,  0.5  per  cent) 

Weakly  alkaline  hypochlorite  (sodium  hypochlorite,  0.5  per  cent 
(Dakin's)) 

Strongly  alkaUne  hypochlorite  (sodium  hypochlorite,  0.5  per  cent) . . 


0  25 
0.24 
Tr. 

0.26 

0.24 

Tr. 


Experiments  upon  leukocytes,  erythrocytes,  and  plasma  clot  in  the 
various  solutions  employed  in  the  five  experiments  described  gave  re- 
sults practically  identical  with  those  obtained  with  liver  emulsion. 
When,  however,  discs  of  blood  clot  were  employed,  solvent  action 
could  not  be  demonstrated  except,  possibly,  to  a  slight  degree  in  the 
strongly  alkaline  solutions.  Blood  clot  is  the  most  resistant  of  the 
substances  studied  against  the  solvent  action  of  the  solutions  used. 


DISCUSSION. 

From  the  results  recorded  above,  it  seems  justifiable  to  lay  con- 
siderable stress  on  the  relatively  great  solvent  acJon  of  Dakin's  hy- 
pochlorite solution  as  contrasted  with  the  more  recent  and  more 
stable  chloramines  of  Dakin.  It  also  seems  probable  that  to  its 
greater  ability  to  dissolve  necrotic  tissue,  plasma  clot,  and  leukocytes 
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it  owes  its  chief  claim  to  preference  over  the  chloramines  in  the  treat- 
ment of  infected  wounds.  Curves  shown  by  Carrel  and  Dehelly" 
demonstrate  the  relative  ease  with  which  this  solution  will  sterilize 
grossly  infected  wounds  in  the  initial  presence  of  much  necrotic  tissue 
and  pus. 

The  results  of  our  experiments  show  that  the  solvent  action  of 
Dakin's  hypochlorite  solution  in  the  degree  of  alkalinity  used  clini- 
cally is  due  primarily  to  its  hypochlorite  content.  The  slight  alka- 
linity of  Dakin's  solution,  while  in  itself  without  solvent  action,  does, 
however,  increase  the  effectiveness  of  the  h>-pochlorite.  We  are  com- 
pelled to  differ,  therefore,  from  Fiessinger  and  his  coworkers,'  who 
attributed  this  action  of  the  hvpochlorite  solutions  to  their  alkahnity. 
In  our  weakly  alkaline  solutions,  the  solvent  action  of  the  h>pochlor- 
ite  solution  ceased  abruptly  at  about  0.2  per  cent  sodium  hypochlorite 
concentration.  Tliis  phenomenon  occurs  at  a  lower  hypochlorite  con- 
centration as  the  reaction  of  the  solution  becomes  more  alkahne  and 
vice  versa.  Even  in  neutral  solutions,  marked  solvent  action  occurs 
at  a  h}pochlorite-h3pochlorous  acid  concentration  of  0.5  per  cent. 
A  solution  the  alkalinity  of  which  is  equal  to  0. 1  N  sodium  hydroxide 
exerts  a  solvent  action  in  the  absence  of  any  other  factor.  Such  a 
solution,  however,  is  not  available  for  clinical  use  because  of  its  irri- 
tating properties. 

Chloramine-T  failed  in  these  experiments  to  exhibit  any  solvent  ac- 
tion not  explicable  as  an  effect  of  the  alkahnity  of  the  solution  in 
which  it  was  dissolved,  and  dichloramine-T  was  also  wholly  without 
solvent  action.  The  results  of  our  experimental  studies  do  not, 
therefore,  support  the  cUnical  observations  of  Dakin  and  his  associ- 
ates,'^ who  assert  that  "the  chlorin  in  dichloramin-T,  as  in  the 
hypochlorites,  has  the  power  of  dissolving  dead  tissues,"  or  similar 
conclusions  reached  by  Sweet,'''  who  states:  "The  dichloramin-T  also 
possesses  to  a  marked  degree  the  characteristic  power  of  the  chlorin 
solutions  in  aiding  the  digestion  and  removal  of  necrotic,  sloughing 

"  Carrel,  A.,  and  Dehelly,  G.,  The  treatment  of  infected  wounds.  New  York, 
1917,  162,  170. 

12  Dakin,  H.  D.,  Lee,  W.  E.,  Sweet,  J.  E.,  Hendrik,  B.  M.,  and  Le  Conte,  R. 
G.,  J.  Am.  Med.  Assn.,  1917,  Ixix,  30. 

"  Sweet,  J.  E.,  J.  Am.  Med.  Assn.,  1917,  Ixix,  1076. 
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tissues.  The  new  solution  seems  more  effective  in  cleaning  up  slough- 
ing tissue  than  the  older  chlorin  compounds."  It  seems  probable  that 
the  greater  solvent  action  of  hypochlorite  solution,  as  contrasted  with 
the  chloramines,  is  related  to  the  greater  instability  of  the  former. 
We  have  been  unable  to  demonstrate  a  solvent  action  on  blood  clot 
from  any  of  the  solutions  of  a  reaction  available  for  clinical  use. 

CONCLUSIONS. 

1.  Dakin's  hypochlorite  solution  has  the  power  of  dissolving  ne- 
crotic tissue,  pus,  and  plasma  clot  in  the  concentration  and  reaction 
used  clinically. 

2.  Chloramine-T  and  dichloramine-T  do  not  exhibit  this  action. 

3.  The  solvent  action  of  Dakin's  hypochlorite  solution  of  the  de- 
gree of  alkahnity  used  clinically  is  due  primarily  to  its  hypochlorite 
content,  but  its  slight  alkalinity,  while  in  itself  without  solvent  action, 
enhances  the  effectiveness  of  the  hypochlorite. 

4.  In  the  degree  of  alkalinity  used  clinically,  the  solvent  action  of 
hypochlorite  is  absent  below  about  0.2  per  cent  sodium  hypochlorite 
concentration. 

5.  The  hypochlorite  concentration  at  which  the  solvent  action 
ceases  is  lower  the  more  alkahne  the  solution,  and  vice  versa. 

6.  None  of  the  antiseptics  studied  had  demonstrable  solvent 
action  on  blood  clot. 

EXPLAN.\TION  OF  PLATE  5. 

Fig.  1.  Photograph  of  bottles  in  Experiment  1  (Table  I). 

Fig.  2.  Photograph  of  centrifuged  samples  from  Experiment  1  (Table  I). 

Fig.  3.  Photograph  of  centrifuged  samples  from  Experiment  S  (Table  V). 
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A  NOTE  ON  THE  PROGRESS  OF  CICATRIZATION  OF  WAR 
WOUNDS. 

By  THEODORE  TUFFIER,  M.D.,  and  R.  DESMARRES. 
{From  Auxiliary  Hospital  75,  Paris,  France.) 

Plate  6. 

(Received  for  publication,  March  26,   1917.) 

The  therapeutic  effect  of  a  physical  or  chemical  agent  on  the  cica- 
trization of  wounds  can  be  ascertained  empirically  from  the  rate 
of  the  process  of  cicatrization.  To  demonstrate  this  efTect  scientifi- 
cally it  is  necessary  first  to  determine  exactly  the  normal  evolution  of 
a  sterile  wound,'  that  is  the  course  of  cicatrization  in  a  given  time;  a 
unit  of  measure  is  thus  obtained.  When  the  normal  progress  of  the 
cicatrization  of  a  wound  that  is  kept  bacteriologically  sterile  is  known, 
it  becomes  possible  to  study  the  changes  taking  place  under  physical 
or  chemical  influences. 

This  first  question  of  a  unit  of  measure  was  studied  in  Compiegne 
by  du  Noiiy,  under  the  direction  of  Dr.  Carrel.  We  have  worked  ac- 
cording to  du  Nouy's  formula,  with  the  results  here  presented.  All 
the  work  was  done  on  wounded  soldiers  at  Auxiliary  Hospital  75. 

To  subject  organic  processes  to  a  mathematical  formula  is  always  a 
hazardous  procedure.  However,  we  beheve  that  by  eliminating  cer- 
tain causes  of  error  and  adopting  the  controlled  conditions  of  experi- 
mentation, results  can  be  obtained  which  show  the  exact  coincidence 
of  mathematical  forecasts  with  clinical  evidence.  This  parallelism  is 
constant  and  regular;  if  it  becomes  irregular,  it  is  due  to  an  error  in 
therapeutic  methods,  thus  furnishing  a  means  of  control  of  the  care 
given  to  the  patient. 

The  present  work  is  the  result  of  observations  on  twenty  cases,  in 
regard  to  the  sterilization  of  the  wounds  as  well  as  their  rate  of  healing. 

'  By  a  sterile  wound  we  mean  bacterial  or  clinical  sterilization;  that  is,  with 
one  or  two  cocci  per  field. 
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Cicatrization  results  from  two  processes,  inodular  contraction  of  con- 
nective tissue  and  epidermization.  Contraction  is  in  reality  a  me- 
chanical action  connected  with  the  appearance  of  granulations  on  the 
surface  of  the  wound.-  We  know  from  the  work  of  du  Noiiy  that  a 
sterile  surface  wound  heals  in  a  period  of  time  which  can  almost  in- 
variably be  predicted  by  the  following  simple  calculation:^ 

If  5i  and  S^  represent  the  surface  area  of  a  wound  before  and  after  /  days,  then 
•Vi  =  S,[l-  i(l-  ^|f)] 

T  representing  the  number  of  days  elapsing  since  the  first  observation  and  i  a 
constant  characterizing  each  wound.  This  constant  i,  or  the  index,  can  be  de- 
termined by  means  of  the  first  two  observations  made,  for  example,  at  4  days' 
interval. 

i  is  expressed  by  the  formula'' 

Si  —  Si 


Si 


1+  ^T 


or  for  / 


65i 

Du  Noiiy  has  shown  that  the  index  is  clearly  connected  with  the 
age  of  the  patient  and  the  initial  surface  of  the  wound;  from  a  con- 
siderable number  of  observations,  a  chart^  has  been  constructed  which, 
on  the  assumption  that  the  wound  is  sterile,  makes  it  possible  to  de- 
termine the  index  i  a  priori,  after  only  one  measurement  of  the  sur- 
face, when  the  age  of  the  patient  is  known.  The  index  varies  ap- 
proximately between  0.02  and  0.08. 

The  circumference  of  the  wound  or  the  epithelial  edge  can  easily 
be  traced  on  a  sheet  of  sterilized  cellophane;  the  surface  is  then  meas- 
ured in  square  centimeters  with  an  Amsler  planimeter.  It  is  inter- 
esting also  to  observe  at  the  same  time  the  surface  of  the  cicatrix; 
it  can  be  seen  almost  invariably,  during  the  days  immediately  preced- 

'^  Carrel,  A.,  and  Hartmann,  A.,  /.  Exp.  Med.,  1916,  xxiv,  429. 

'  This  information  was  kindly  furnished  by  Captain  Lecomte  du  Noiiy,  of 
Hospital  21,  in  Compiegne.  For  further  detail  see  /.  Exp.  Med.,  1916,  .\xiv,  451, 
461. 

<  du  Nouy,  P.  L.,  J.  Exp.  Med.,  1916,  xxiv,  451. 

*  Text-fig.  1,  du  Nouy,  J.  Exp.  Med.,  1916,  xxiv,  463. 
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ing  recovery,  that  the  surface  of  the  cicatrix  broadens  as  if  the  con- 
traction of  tissue,  ha\ing  become  unnecessary,  ceased  to  occur.- 

It  is  a  simple  matter  to  plot  the  calculated  results  or  the  direct  ob- 
servations in  a  curve  with  time  as  abscissae  and  surface  as  ordinates. 
The  curve  resulting  from  the  formula  for  /  =  4,  T  =  4,  8,  12,  16  ...  . 
shows  the  normal  course  which  the  heahng  of  a  wound  should  follow. 
The  observed  surfaces  give  a  second  curve  which  follows  the  first 
closely  unless  there  are  irregularities  to  be  explained  by  faulty  dress- 
ings, reinfection,  or  iUness  of  the  patient.  In  the  present  experi- 
ments the  theoretical  curve  is  drawn  with  a  Ught  line,  the  curve  from 
direct  observation  with  a  heavy  line  for  the  epithehal  edge,  and  with  a 
broken  line  for  the  cicatrix. 

From  the  fact  that  the  theoretical  curve  of  cicatrization  can  be 
drawn  in  advance,  with  two  measurements  of  the  surface  at  4  days' 
interval,  it  is  seen  that  the  date  when  cicatrization  will  be  complete 
can  be  predicted,  often  long  in  advance  (Text-figs.  1  and  2). 

The  technique  is  as  follows:  The  wound  is  made  cKnically  sterile 
by  Carrel's  method.  We  have  then  in  the  center  a  granulating  sur- 
face (5,  Text-fig.  3)  surrounded  by  an  epithehal  border  {L,L);  be- 
yond, at  the  periphery  of  the  surface  of  the  new  epithelium,  is  a  Hne 
of  union  of  the  normal  skin  and  new  epithehum  {C,C).  The  wound 
closes  by  two  processes:  (1)  contraction  of  the  granulating  tissue 
(inodular  contraction) ;  (2)  epidermization  of  the  granulating  surface. 
These  two  processes  have  a  relative  efficacy  for  cicatrization,  differ- 
ing according  to  the  wound. 

The  course  of  cicatrization  is  most  easily  studied  in  a  wound  the 
site  of  which  is  not  constantly  in  motion  (as  the  bend  of  a  joint),  or 
one  which  is  extendible  and  is  well  nourished,  not  a  scalp  wound  or 
one  due  to  loss  of  a  large  part  of  the  skull. 

The  operator,  having  washed  his  hands  with  alcohol,  applies  to  the 
wound,  which  has  previously  been  dried  with  a  sterile  compress,  a 
thin  sheet  of  cellophane  sterilized  in  the  autoclave  at  120°C.  for  1 
hour.  In  order  to  preserve  the  pliability  of  the  cellophane  during 
sterilization  it  is  well  to  enclose  it  in  a  glass  tube  in  the  bottom  of 
which  is  placed  a  tampon  soaked  in  glycerol  diluted  one-fourth  with 
water;  the  cellophane  rests  on  a  tampon  of  non-absorbent  cotton, 
and  another  closes  the  tube. 
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Then  with  a  dermographer's  pencil,  or,  better,  with  pen  and  ink,  as 
that  allows  a  sharper  and  more  exact  line,  a  tracing  is  made  of  the 
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Curve  corrected  according  to  shape. 

Text-Fig.  2.  Experiment  2.  Age  21  years.  Long,  narrow,  superficial  wound, 
cicatrizing  without  incident  toward  the  date  predicted.  The  corrected  formula 
for  this  special  kind  of  wound  was  employed  in  tracing  the  theoretical  curve.^ 


Text-Fig.  3.  Diagram  of  a  wound,  showing  the  granulating  surface  (5),  sur- 
rounded by  an  epithelial  border  {L,L),  and  the  line  of  union  of  the  normal  skin 
and  new  epithelium  (C,C). 

'  For  wounds  of  this  sort  du  Noiiy's  corrected  formula  should  be  used: 


5,.  =  5„-i[l-;(/-h  -yJT)]- 
See  also  du  Nouy,  /.  Exp.  Med.,  1917,  xxv,  721. 
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epithelial  edge  and  of  the  shape  of  the  cicatrix.  This  is  transferred 
to  a  sheet  of  ordinary  paper,  and  on  this  are  made  the  surface  measure- 
ments with  the  planimeter. 

Surface  Wounds. 

We  have  in  this  way  studied  a  number  of  wounds  treated  with 
Dakin's  solution  by  Carrel's  method,  keeping  the  bacterial  flora  regu- 
larly under  observation  both  as  to  number  and  kind.  Carrel's  bac- 
teriological curve  was  made  for  each  wound. 

Microscopic  examinations,  necessarily  hasty,  have  no  great  value 
unless  the  results  are  positive,  but  the  use  of  the  curve  sometimes 
points  out  a  reinfection  before  it  is  observed,  that  is,  before  the  mi- 
croscope reveals  it,  as  the  observed  curve  deviates  abruptly  from  the 
calculated  curve, — which  shows  that  cicatrization  curves  are  not 
without  value  from  the  clinical  point  of  view. 

For  wounds  which  are  kept  sterile  the  law  holds,  and  cicatrization 
follows  almost  exactly  the  calculated  curve  (Text-figs.  1  and  2).  If 
a  wound  previously  sterile  becomes  accidentally  infected  and  then 
becomes  sterile  again,  the  observed  curve  which  separated  from  the 
calculated  curve  often  rejoins  it  rapidly,  and  cicatrization  is  com- 
plete within  a  few  days  of  the  time  predicted  (Text-fig.  4).  There 
seems  to  be  a  production  of  substances  aiding  cicatrization  in  the 
period  preceding  the  infection.  The  substances  are  carried  in  the 
circulation  but  reinfection  prevents  their  being  used  for  epithelial 
cicatrization. 

Cicatrization  of  certain  wounds  sometimes  follows,  at  the  beginning 
or  later,  a  course  more  rapid  than  the  calculated  curve  indicates. 
In  such  a  case,  if  the  wound  is  not  a  long,  narrow  one,'  secondary  ul- 
cerations, in  which  we  have  never  found  bacteria,  occur  and  restore 
the  surface  of  the  wound  to  what  it  would  have  been  theoretically 
(Text-figs.  5  and  6).  If  infection  entirely  destroys  epidermization,  it 
is  restored  much  more  rapidly  than  the  calculated  curve  indicates 
(Text-figs.  5  and  6).  In  Text-fig.  6  the  observed  curve  oscillates 
about  the  calculated  curve.  It  is  difficult  in  this  case  to  find  a  satis- 
factory e.xplanation  of  this  phenomenon;  it  can  only  be  said  that  sec- 
ondary ulcerations  arc  related  to  the  presence  of  bacteria  in  the  deeper 
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parts  of  the  wound.  It  is  necessary  in  all  such  cases  to  know  whether 
the  bacteria  are  not  retarding  cicatrization.  Certain  cocci  com- 
monly observed  allow  normal  cicatrization,  but  we  have  never  found 
bacilli  that  allowed  the  same  evolution  of  cicatrization. 
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Text-Fig.  4.  Experiment  3.  Surface  wound  of  the  right  knee.  The  wound 
healed  according  to  the  law.  Two  infections  in  the  course  of  cicatrization  did 
not  prevent  the  wound  from  healing  in  the  calculated  time. 
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Text-Fig.  5.  Experiment  4.  Age  30  years.  Superficial  wound  of  the  abdo- 
men, in  the  iliac  region.  The  wound  was  aseptic  during  the  entire  period  of  cica- 
trization. It  healed  at  first  more  rapidly  than  the  theoretical  curve  indicated, 
but  more  slowly  than  the  curve  from  the  corrected  formula  for  long,  narrow 
wounds. 

From  information  subsequently  received  from  the  patient  himself  it  was  learned 
that  the  wound  reopened  and  finally  healed  on  July  19,  as  the  curve  had 
indicated. 

Certain  infective  processes  produce  ossifying  inyositis  or  hospital 
gangrene,  the  first  with  an  extension  of  the  wound,  which  spreads  out 
as  a  flower  opens,  the  second  with  induration  of  tissue  which  will 
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Calculated  curve  with  normal  index. 
Calculated  curve  with  individual  index. 
■lixT-l'ic.  7  a  and  A.  Experiment  6.  Age  21  years.  Two  parallel  wounds  in  the  back,  (a)  upper  wound,  («  lower  wound.  The  wounds  were s 
show  the  cfTect  produced  by  contraction  of  tissue;  each  wound  alone  would  have  cicatrized  according  to  the  calculated  curve,  taking  for  the  index  the 
cm.,  and  2!  years.  The  index  calculated  from  the  first  two  surface  measurements  gave  a  second  theoretical  curve,  drawn  wilh  a  dotted  l.nc.  J 
between  the  two  calculated  curves,  especiaUy  for  the  lower  wound.  From  the  time  when  contraction  no  longer  occurred  (the  broken  hne  toward  the 
the  calculated  curve. 


ile  during  the  period  of  cicatrization.  The  curves 
ires  furnished  by  the  chart,'  for  50.35  iirul  .36.HS  sf|. 
real  curve  of  cicatrization  remain.^  almosi  ciiiirely 
Il  day),  cicatrizalion  took  place  rapidly,  ov(Tl:iking 
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not  contract.  Thus  it  is  clinically  demonstrated  that  the  nature  of 
the  infecting  organism  can  influence  the  rapidity  of  cicatrization. 

We  have  observed  that  if  the  mechanical  contraction  of  tissue  is 
hindered,  by  adhesions  for  instance,  cicatrization  .occurs  more  slowly 
than  is  indicated  by  the  calculated  curve.  Thus,  cicatrization  of  two 
wounds  near  each  other  can  be  restricted  by  contraction  in  opposite 
directions.  An  example  of  this  is  E.xperiment  6  (Fig.  1,  Te.xt-fig.  7, 
a  and  b),  two  long  parallel  wounds  in  the  dorsal  region,  generally 
sterile,  restricting  each  other.  E.xamination  of  the  curves  shows  that 
the  cicatrization  of  each  wound  if  it  had  been  alone  would  have  fol- 
lowed the  light  hne  (index  determined  by  the  chart=);  in  reality  it 
more  nearly  followed  the  dotted  line  (index  determined  from  two 
actual  measurements),  at  a  slower  rate.  But  in  the  last  days  before 
healing  was  complete,  contraction  of  the  tissues  ceased  (see  the 
broken  Hne),  cicatrization  went  on  much  more  rapidly,  and  the  ob- 
served curve  caught  up  with  and  even  passed  the  calculated  curve. 

This  experiment  is  related  to  a  second  theoretical  cicatrization 
curve  which  we  have  frequently  worked  out.  A  continually  infected 
wound  can  cicatrize  according  to  the  law  provided,  first,  that  the  in- 
fection is  within  certain  limits,  that  is  that  the  number  of  bacteria 
is  at  most  14  to  15  per  field;  and  second,  that  the  infection  is  from 
cocci  or  diplococci,  and  that  streptococci  or  bacilli  are  found  only  ex- 
ceptionally. A  theoretical  cicatrization  curve  can  be  drawn  from  an 
index  obtained  from  the  two  surfaces  first  measured.  The  observed 
curve  will  follow  the  calculated  curve,  and  one  should  keep  as  close 
as  possible  to  this. 

Furthermore,  a  second  theoretical  curve  may  be  made  with  the 
index  determined  by  the  chart,^  from  the  initial  surface  of  the  wound 
and  the  age  of  the  patient.  This,  which  would  be  the  cicatrization 
curve  if  the  wound  were  sterile,  is  the  normal  curve,  and  we  should 
try  to  follow  it  in  treating  the  wound.  The  observed  curve  will  lie 
practically  between  the  two  calculated  curves  (Text-fig.  8,  a). 

It  seemed  possible  that  the  two  curves  could  be  of  use  when  it  is 
understood  that  the  calculated  index  is  not  equal  to  the  index  deter- 
mined by  the  chart,  the  two  curves  thus  drawn  constituting  two  limits 
between  which  the  observed  curve  should  continually  remain. 
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Deep  Wounds. 

By  an  analogous  procedure  we  have  tried  to  follow  the  cicatriza- 
tion of  deep  wounds.  We  first  undertook  to  measure  the  volume  of 
the  wound  by  fiUing  it  with  the  fluid  used  for  treating  it,  by  means  of 
a  graduated  pipette  which  could  easily  be  sterilized.  But  the  prac- 
tical difficulty  of  placing  the  patient  in  a  position  in  which  the  wound 
could  be  easily  and  thoroughly  filled  was  so  great,  and  the  volume  of 
the  wound,  which  was  often  a  cavity,  was  so  variable,  according  to 
the  patient's  position,  that  we  abandoned  this  procedure. 

It  seemed  better  to  follow  the  indirect  method  of  tracing  on 
sterilized  cellophane  the  successive  outlines  of  the  wound,  as  if  we 
were  dealing  with  a  surface  wound,  and  then  to  measure  these  areas. 

By  means  of  calculations  identical  with  those  which  served  for 
surface  wounds,  we  have  determined  a  theoretical  cicatrization  curve 
with  an  index  calculated  from  the  first  two  observed  surfaces,  or  with 
an  index  determined  from  the  chart.  We  have  thus  been  able  to 
show  that  a  deep  wound  properly  treated  and  sterilized,  the  edges  of 
which  are  gradually  drawn  together  at  the  proper  time  by  adhesive 
plaster,  with  elastic  strapping.^  should  cicatrize  at  least  equally  and 
often  even  more  rapidly  than  a  surface  wound  of  the  same  contour 
(Text-figs.  9,  a  and  b  and  10,  a  and  b).  We  have  also  observed  that 
the  gradual  drawing  together  by  means  of  the  elastic  traction  is  su- 
perior to  the  partial  closure  by  suture  intervening  in  the  course  of 
cicatrization  (Text-fig.  8,  b). 

On  October  13  the  wound  had  been  steriHzed  and  the  edges  drawn 
together  by  an  elastic  traction;  from  that  day  cicatrization  continued 
normally  and  steadily,  and  the  observed  curv'e  lay  between  the  two 
calculated  curves  (light  line  and  dotted  line).  On  November  7  the 
wound  was  partially  sutured  and  decreased  from  50  to  45  sq.  cm.,  but 
presumably,  from  the  general  aspect  of  the  curves,  normal  cicatrization 
would  have  decreased  it  to  35  or  36  sq.  cm.  After  the  operation  the 
wound  was  reinfected  and  the  surface  extended  to  52.75  sq.  cm.,  de- 
creasing again  immediately,  but  at  a  much  slower  rate  than  was  indi- 

'  W'ilhout  the  bandage  a  deep  wound,  at  least  one  of  small  dimensions,  seems 
to  cicatrize  according  to  a  law  analogous  to  that  of  the  cicatrization  of  surface 
wounds,  but  more  slowly. 
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Calculated  curve  with  normal  index. 

Calculated  curve  with  individual  index. 
Text-Fic.  8,  a  and  b.  Experiment  7.  fa)  SmaU  wound.  Example  of  cicatrization  of  a  woun.l  slightly  but  constantly 
infected.  ((,)  Laige  deep  wound.  Example  of  a  sterile  wound  whose  edges  have  been  drawn  together  by  an  clastic  trac- 
tion. An  attempt  at  a  partial  suture  was  made,  the  acuon  of  which  seems  to  have  been  injurious,  if  one  considers  that  the 
observed  curve  deviates  from  the  calculated  curve.  A  new  eUitic  traction  placed  December  9  hastened  acatnzation; 
the  observed  curve  tended  to  rejoin  the  calculated  nirv'es 
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Calculated  curve  for  superficial  wound. 

Text-Fig.  9,  o  and  h.  Experiment  8.  .\ge  25  years.  Deep  hip  woimds. 
The  observed  curves  show  the  effect  of  the  elastic  traction  on  cicatrization,  which 
took  place  rapidly  in  spite  of  the  frequent  presence  of  bacteria. 
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Calculated  curve  with  normal  index. 

Text-Fig.  10,  ij  and /).  Experiment  9.  Age  21  years,  (a)  Deep  bullet  wound 
in  the  lumbar  region,  treated  with  an  elastic  traction  and  cicatrizing  more  rapidly 
than  a  surface  wound  of  t  he  same  contour.  The  smaller  curve  (6)  was  drawn  after 
December  2,  when  the  wound  had  become  entirely  superficial. 
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cated  by  the  calculated  curves,  until  the  application  of  a  second  elastic 
traction  again  hastened  the  healing  process.  No  conclusion  can  be 
drawn  from  this  experiment,  but  it  shows  that  in  certain  conditions  in 
longitudinal  wounds  simply  drawing  the  edges  together  gives  rapid 
results. 

SUMMARY. 

Some  hypothetical  conclusions  bearing  on  the  evolution  of  cica- 
tricial tissue  can  be  suggested.  The  arterial  circulation  deposits  in 
the  wound  chemical  substances  necessary  for  contraction  of  the  wound 
and  for  epithehal  proliferation.  When  the  biologic  process  is  not 
hindered  by  any  special  or  severe  bacterial  infection  this  deposit  is 
as  regular  as  the  circulation  itself,  and  enables  us  to  determine  in 
advance  the  date  of  cicatrization.  It  even  seems  as  though  when  the 
epidermization  process  is  retarded  by  a  slight  infection  the  substances 
necessary  for  epidermization  are  stored  up  in  the  wound,  and  when 
the  delay  due  to  infection  is  removed  the  epithelium  finds  an  accumu- 
lation of  nutritive  substances,  and,  so  to  speak,  makes  up  the  lost 
time. 

Moreover,  when  an  infection  entirely  or  partially  stops  epidermiza- 
tion, we  have  observed  (Experiments  3,  4,  and  5)  that  after  the  infec- 
tion has  disappeared  the  progress  of  new  epidermization  is  much  more 
rapid  than  normally;  it  even  passes  the  calculated  curve.  The  in- 
fection apparently  destroyed  only  the  epitheUum  and  left  in  the 
w^ound  the  chemical  substances  which  activate  epidermization. 

The  existence  of  these  physical  or  chemical  activating  agents  has 
been  indicated  again  by  two  anatomical  clinical  facts.  In  treating 
a  scalp  wound  in  which  there  had  been  practically  no  epidermization 
for  many  months,  we  apphed  over  the  entire  surface  of  the  sterile 
wound  dermo-epidermic  grafts  of  fetal  skin.  After  apparently  taking, 
the  grafts  were  absorbed  and  disappeared,  but  epidermization  of  the 
periphery  of  the  wound,  which  hitherto  had  not  progressed,  took 
place  abundantly,  almost  a  hundred  times  as  much  as  before. 

We  believe  that  by  mathematical  measurements  we  can  solve 
the  problem  of  the  action  of  various  organic  fluids  on  the  cicatrization 
of  wounds. 
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EXPLANATION  OF  PLATE  6. 

Fig.   1.     Experiment  6.    Age  21  years.    Two  parallel  wounds  in  the  back. 
Appearance  of  the  wounds  on  October  6,  1916. 


THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XXVII, 


f 


Fig.  1. 


(Tuffier  and  Desmarres:  Cicatrization  oi  war  wounds.) 


STUDIES  OF  OXYGEN  IN  THE  VENOUS  BLOOD. 

II.  Studies  of  the  Oxygen  Unsaturation  in  the  Venous  Blood 
OF  A  Group  of  Patients  with  Circulatory  Disturbances. 

By  christen  LUNDSGAARD,  M.D. 
(Fram  the  Hospital  of  The  Rockefeller  Insliiute  for  Medical  Research.) 
(Received  for  publication,  October  23,  1917.) 

introduction. 

In  a  previous  paper  (1)  a  report  was  made  of  a  series  of  determina- 
tions of  the  oxygen  content  of  the  venous  blood  from  the  vena  mediana 
cubiti  of  twelve  normal  resting  individuals.  The  difference  between 
the  oxygen  in  the  venous  blood  and  the  total  oxygen  capacity  of  the 
hemoglobin  (determined  by  Van  Slyke's  method  (2)  or  Palmer's 
method  (3)  )  was  called  the  oxygen  unsaturation  of  the  venous  blood. 
In  this  way  the  diflerences  in  hemoglobin  concentration  are  elimi- 
nated.' It  was  found  that  the  extent  of  oxygen  unsaturation  of  the 
venous  blood  in  normal  individuals  fell  between  2.5  and  9  cc.  per 
100  cc.  of  blood.  However,  values  above  8  volume  per  cent  were  only 
met  with  under  special  conditions;  namely,  when  the  blood  was  drawn 
in  the  morning  immediately  after  the  subject  had  been  awakened 
from  sleep.  The  blood  was  drawn  from  an  arm  vein  without  any 
stasis  whatever,  after  the  subject  had  rested  for  a  half  hour  on  a  couch 
or  bed.  A  sharp,  not  too  pointed,  needle  was  connected  with  a  rubber 
tube  to  a  glass  pipette,  25  to  30  cm.  long  and  |  cm.  wide,  which  had 
a  film  of  oxalate  on  the  inside.^     The  blood  (about  10  cc.)  was  sucked 

'  A  determination  of  the  oxygen  in  the  venous  blood  without  a  simultaneous  de- 
termination of  the  total  oxygen  capacity  is  just  as  incomplete  as  a  determination 
of  the  urea  in  the  blood  or  the  nitrogen  in  the  urine,  without  considering  the 
intake. 

^  This  was  obtained  by  wetting  the  tube  and  rubber  with  a  concentrated  solu- 
tion of  oxalate  and  drying  by  an  air  current. 
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TABLE  III. 

A  Patient  with  Iiuompcnsated  Heart  Failure.     Oxygen  Determined  by 

Barcroft's  Method. 

Experimental. 


z 
s 
c3 

4)   ^ 

a" 

< 

Bleeding. 

Oxygen  content  of 
venous  blood. 

IssI 

^w    ■ 

Is  1 

"3 

c 

Date. 

Condition. 

Sample 
1. 

Sample 
2. 

Average 
(V). 

1 

yrs. 

1916-17 

vol. 
per  cent 

wl. 
per  cent 

vol. 
per  cent 

vol. 
per  cent 

vol. 
per  cent 

27 

17 

Oct.  25 

In  bed. 

2.40 

2  40 

15.30 

12.90 

28 

Nov.  20 

"     " 

2.48 

2.48 

17.20 

14.72 

120 

40 

16 

29 

"     21 

"     " 

3.36 

1.36 

2.36 

17.56 

15.20 

122 

40 

30 

"     22 

"     " 

2.40 

2.40 

17.56 

15.16 

124 

44 

31 

Jan.    12 

a       u 

6.86 

6  86 

17.20 

10.34 

120 

30 

Clinical. 


Case 
No. 

Deter- 
mina- 
tion 

No. 

Oxygen  unsatu- 
lation  (a-  v). 

Diagnosis  and  clinical  notes. 

vol.  per  cent 

27 

12.90 

Mitral  and  aortic  insufficiency. 

Oct.    2^,  1916.     Moderate  cyanosis;  few  r^les  at  base  of 
lungs. 

28 

14.72 

Nov.  20.     Lungs  clear. 

16 

29 

15.20 

"      21.     Cyanosis. 

30 

15.16 

"      22.     Enlargement  of  liver. 

31 

10.34 

Jan.    12,  1917.     Less  cyanosis;  no  rales;  slight  enlarge- 
ment of  liver. 

up  in  the  pipette,  from  which  it  was  discharged  into  a  cylinder,  2  cm. 
in  diameter,  below  a  layer  (2  cm.)  of  mineral  oil  to  prevent  oxida- 
tion. The  last  (upper)  1  or  2  cc.  of  blood,  a  part  of  which  had  been 
oxidized,  were  put  in  a  separate  dish  and  used  for  a  Palmer  deter- 
mination of  the  hemoglobin.  Samples  of  blood  for  a  Van  Slyke 
determination  were  taken  from  the  cylinder  after  careful  stirring.' 

Observations  on  Patients. 

This  paper  is  a  report  of  a  preliminary  investigation  on  the  oxygen 
unsaturation    in    patients    with    circulatory    disturbances.     Thirty- 

•~  For  further  technical  details  see  Paper  I  of  this  series  (1). 
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one  determinations  were  made  on  sixteen  patients  with  different 
kinds  of  circulatory  disturbances.  The  procedure  in  preparing  the 
patients  and  the  technique  in  drawing  the  blood  have  been  exactly  as 
described  in  the  first  paper.  Van  Slyke's  method  (2)  has  been  used 
for  the  determination  of-  the  oxygen  in  all  but  one  case  (No.  16  in 
Table  III)  where  Barcroft's  method  has  been  used. 

The  patients  have  been  divided  into  two  groups  according  to  the 
condition  of  the  circulation.  Results  and  clinical  notes  from  patients 
with  clinically  compensated  heart  lesions  have  been  tabulated  in 
Table  I.  The  data  from  the  cases  with  incompensated  circulatory 
conditions  are  collected  in  Tables  II  and  III.  As  in  Paper  I,  we  have 
tabulated  both  the  oxygen  content  of  the  venous  blood  samples  and 
the  extent  of  the  oxygen  unsaturation. 

One  case  (No.  4,  Table  I)  is  particularly  worth  mentioning,  because 
it  shows  the  importance  of  using  the  oxygen  unsaturation  and  not 
the  absolute  value  of  the  venous  oxygen  alone  in  comparing  the  re- 
sults from  different  individuals.  This  patient  was  brought  to  the 
hospital  in  a  very  sick  condition.  He  was  suffering  from  dyspnea  and 
palpitation  and  had  ascites  and  severe  edema  of  the  legs.  The  oxygen 
in  his  venous  blood  was  5.43  volume  per  cent,  which  was  much  lower 
than  any  figure  obtained  on  normal  individuals,  and  even  lower  than 
most  of  the  figures  obtained  from  patients  with  incompensated 
heart  disturbances.  The  total  oxygen-combining  power  of  his  blood 
was  very  low,  however,  8.23  volume  per  cent,  instead  of  the  usual 
average  18.50  volume  per  cent.  The  oxj-gen  unsaturation  of  his  ve- 
nous blood  is  therefore  not  only  within  normal  limits  but  even  rather 
low.  The  clinical  diagnosis  was  chronic  nephritis,  chronic  uremia, 
hypertension,  hypertrophy  of  the  heart,  anemia,  and  urea  retention. 
The  edema  was  considered  to  be  entirely  of  nephritic  origin.  There- 
fore, in  respect  to  both  the  clinical  picture  and  the  findings  in  the 
blood,  he  is  to  be  grouped  in  Table  I,  with  patients  free  from  incom- 
pensated circulatory  disturbances.  On  the  other  hand,  we  may  find 
a  high  figure  for  the  venous  oxygen  combined  with  a  high  extent  of 
unsaturation  (No.  13,  Table  II)  on  account  of  a  high  content  of 
hemoglobin. 

Text-fig.  1  is  a  diagrammatic  representation  of  the  figures  for  the 
oxygen  unsaturation  in  normal  individuals^  and  in  the  patients  re- 

*  Reported  in  Paper  1(1). 
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ported  in  the  present  paper.  It  will  be  seen  that  the  upper  limit  for 
the  unsaturation  in  normal  individuals  (9  volume  per  cent)  is  not 
exceeded  by  any  figure  obtained  from  patients  belonging  to  the 
clinically  compensated  group.  The  figures  are  all  distributed  in  the 
same  haphazard  manner  over  the  area  between  2.5  and  9  volume  per 
cent. 

The  figures  from  the  incompensated  group  show  quite  another 
picture.  They  are  all  above  the  upper  normal  limit,  lying  between 
9.7  and  15.2  volume  per  cent. 

No  attempt  has  been  made  to  subdivide  the  cases  according  to  the 
anatomical  or  physiological  form  of  the  heart  lesion.  There  may  be  a 
difference,  but  the  cases  and  the  number  of  determinations  in  each 
case  are  much  too  few  to  allow  any  such  attempt.  The  only  state- 
ment which  can  be  made  is  that  the  oxygen  unsaturation  of  the 
venous  blood  from  patients  with  clinically  compensated  heart  con- 
ditions has  been  found  within  the  normal  limits,  whereas  the  oxygen 
unsaturation  in  some  patients  with  incompensated  heart  lesions  has 
been  above  the  upper  normal  limit.  It  is  probably  not  even  justi- 
fiable to  make  this  a  general  statement.  It  seems  probable  that 
patients  with  non-stationary  conditions  might  fall  outside  this  rule. 
We  might  suppose  that  a  patient  with  an  incompensated,  but  im- 
proving heart  lesion  could  show  normal  figures.  On  the  other  hand, 
a  patient  with  a  heart  lesion  where  incompensation  is  developing 
might  possibly  show  increased  oxygen  unsaturation  before  the  ordin- 
ary clinical  symptoms  had  developed.  If  that  should  be  true,  the 
determination  of  the  oxygen  unsaturation  would  be  of  great  clinical 
significance.  Series  of  determinations  on  a  single  patient  might 
throw  light  on  this  question. 

DISCUSSION. 

There  is  extensive  clinical  and  experimental  evidence  for  assuming 
that  the  condition  of  the  heart  has  a  certain  influence  on  the  extent 
of  oxygen  unsaturation  of  the  venous  blood.  A  previous  investiga- 
tion on  the  blood  flow  (minute  volume)  in  patients  with  incompen- 
sated heart  lesions  (4)  has  shown  a  considerable  decrease  in  the  minute 
volume  of  the  heart  compared  with  that  found  in  normal  individuals 
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(5-1-i),  and  in  most  cases  of  compensated  heart  lesions'  (4,  6,  11, 
15).  The  figures  obtained  by  Stewart  (16)  by  determining  the  blood 
flow  in  the  hands  and  feet  point  in  the  same  direction.  A  retarded 
circulation,  the  rate  of  oxygen  consumption  not  being  decreased,  may 
logically  be  assumed  to  result  in  a  necessarily  increased  oxygen  un- 
saturation  of  the  average  venous  blood.  The  question  is  whether 
one  is  justified  in  assuming  a  retarded  circulation  from  an  increased 
oxygen  unsaturation  in  the  blood  drawn  from  the  vena  mediana 
cubiti  or  from  another  superficial  vein. 

We  know  that  other  factors  than  the  output  from  the  heart  may 
influence  the  extent  of  unsaturation  in  the  blood  from  an  arm  vein. 
These  factors  are'  (1)  the  possible  unsaturation  of  the  arterial  blood; 
(2)  variations  in  the  metabolism  of  the  tissues  drained  by  the  vein 
tapped  as  compared  with  the  rest  of  the  body;  (3)  variations  in  the 
rate  of  blood  flow  through  the  tissues  drained  compared  with  the 
rest  of  the  body. 

We  are  unfortunately,  for  the  time  being,  only  to  a  limited  extent 
able  to  measure,  control,  or  eliminate  the  influence  of  these  factors. 

(1)  The  dissociation  curve  for  oxyhemoglobin  shows  that  the  blood 
must  become  nearly  saturated  (usually  about  96  to  98  per  cent)  dur- 
ing the  passage  through  the  lungs,  provided  that  all  the  blood  flowing 
through  comes  into  equilibrium  with  the  alveolar  air.  This  has  been 
proved  experimentally  on  animals  by  several  investigators,  and  in 

'  Plesch  (6)  and  Means  and  Newburgh  (11)  found  normal  figures  for  the  blood 
flow  in  all  their  patients  with  compensated  heart  lesions,  whereas  Lundsgaard 
(4)  found  diminished  minute  volume  not  only  in  incompensated  cases  but  in  some 
patients  with  compensated  heart  conditions  (mitral  stenosis  and  auricular  fibril- 
lation), which  agrees  with  Stewart's  (16)  observations  for  the  local  blood  flow. 

'  One  condition  which  might  theoretically  aflect  the  oxygen  saturation  of  the 
hemoglobin  in  arterial  blood  is  incompensated  acidosis,  defined  by  Hasselbalch 
and  Gammeltoft  (17)  and  Van  Slyke  and  Cullen  (18),  in  which  increased  free 
carbonic  acid  causes  an  increase  in  the  actual  hydrogen  ion  concentration  of  the 
blood.  As  shown  by  Barcroft  (19)  this  increase  reduces  the  percentage  oxygen 
saturation  of  hemoglobin  under  a  given  oxygen  tension.  Since,  however,  the 
differences  thus  caused  in  oxygen  saturation  become  considerable  only  under  re- 
duced oxygen  tension,  it  appears  improbable  that  this  factor,  even  in  the  infre- 
quently occurring  incompensated  acidosis,  exerts  a  significant  effect  on  the 
degree  of  saturation  of  the  arterial  hemolgobin. 
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man  it  has  been  investigated  by  Hiirter  (20j.  By  drawing  blood 
from  a  radial  artery  and  using  Barcroft's  method  for  determination 
of  the  oxygen,  he  found  in  four  normal  individuals  a  saturation  of 
94,-92,  99,  and  100  per  cent.  In  four  patients  with  compensated 
heart  lesions  the  saturation  was  90,  100,  90,  and  95  per  cent.  In  one 
patient  with  incompensated  aortic  insufficiency  and  stasis  bronchitis 
in  the  lungs  the  saturation  was  81  per  cent.  In  another  patient  with 
incompensation  (Pick's  disease)  it  was  92  per  cent.  A  patient  with 
patent  ductus  Botalli  showed  88  per  cent  saturation.  One  with  dif- 
fuse bronchitis  showed  94  per  cent,  and  another  with  phthisis,  88  per 
cent.  Two  patients  with  lobar  pneumonia  showed  81  and  79  per 
cent  saturation.  Barcroft'  found  a  saturation  of  94  per  cent  in  a 
normal  individual. 

In  several  of  my  patients  with  compensated  heart  lesions  moist 
rales  have  been  heard  at  the  base  of  the  lungs.  This  circumstance 
does  not  seem  to  have  influenced  substantially  the  amount  of  oxygen 
in  the  venous  blood.  These  rS.les  are  probably  to  a  great  extent  just 
a  proof  that  the  air  really  does  go  down  into  the  alveoli  of  the  lowest 
part  of  the  lungs.  The  whole  problem  is  not  sufficiently  investigated 
to  allow  a  decision  concerning  the  influence  of  the  involvement  of  the 
lungs  in  the  individual  case.  We  may  confine  ourselves  to  making  a 
careful  examination  of  the  lungs  in  every  case,  hoping  that  special 
investigation  of  the  unsaturation  in  patients  with  lung  diseases  or 
experimental  studies  will  give  us  sufficient  information. 

(2)  The  variations  in  the  metabolism  are  presumably  minimized  by 
performing  the  experiments  uader  definite  conditions,  such  as  mus- 
cular rest  and  digestive  inactivity.  The  basal  metabolism  is  a  rather 
constant  figure  for  the  normal  individual  at  rest  and  is,  as  shown  by 
Lusk  and  his  associates,  chiefly  dependent  on  the  surface  of  the 
body.  It  has  been  shown  by  Peabody,  Meyer,  and  Du  Bois  (21) 
that  the  metabohsm  in  patients  with  compensated  heart  and  cardio- 
vascular lesions  is  within  the  normal  limits.  In  patients  with  incom- 
pensated heart  lesions,  particularly  in  patients  suffering  from  dyspnea, 
however,  the  metabolism  was  found  materially  increased,  in  some  cases 
about  50  per  cent.     An  increase  in  the  metabolism  necessarily  means 

'  Barcroft  (19),  p.  177. 
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an  increase  in  the  consumption  of  oxygen.  This,  however,  is  not  neces- 
sarily followed  by  an  increase  in  the  deo.xidation  of  the  oxyhemoglobin. 
That  depends  upon  the  output  of  the  heart,  which  may  or  may  not 
be  changed.  Lindhard  (9),  for  instance,  has  shown  that  the  increased 
consumption  of  oxygen  during  exercise  only  partially  shows  itself 
in  the  decreased  oxygen  in  the  venous  blood ;  the  increased  blood  flow 
compensates  for  a  great  part  of  the  increased  consumption.  Lunds- 
gaard  (15)  has  shown  that  an  increased  oxygen  consumption  on  ac- 
count of  exercise  in  two  clinically  compensated  patients  with  heart 
block  only  to  a  very  small  degree  could  be  compensated  for  by  in- 
creasing blood  flow.  The  reason  for  this  was  that  it  was  impossible 
for  the  heart  to  increase  the  pulse  rate  and  probably  very  difhcult  to 
increase  the  volume  output  per  beat,  which  even  in  rest  was  about 
150  cc.  It  is,  therefore,  probable  that  an  increase  in  metabolism  in  a 
patient  with  a  weak  heart  will  increase  the  deoxidation  of  the  venous 
blood,  particularly  in  the  venous  blood  coming  from  the  heart  muscle 
and  the  respiratory  muscles.  An  increase  in  temperature  may  have 
a  similar  effect. 

(3)  About  the  only  figures  available  on  this  point  are  those  of 
Stewart  (16).  He  has  calculated  from  measurements  of  the  heat 
given  off  by  the  hands  and  feet  the  rate  of  local  blood  flow  and  found 
that  the  flow  in  the  right  hand  or  foot  is  approximately  equal  to  that 
in  the  left.  Significant  differences  were  encountered  only  when  there 
was  definite  local  cause,  as  aneurysms,  diabetic  gangrene,  local  edema, 
etc.  It  will  probably  be  possible  to  throw  light  upon  this  question 
by  simultaneously  drawing  blood  from  different  veins  and  under 
different  conditions,  as  tried  in  a  number  of  cases  by  Means  and 
Newburgh  (11).  Investigations  on  the  local  blood  flow  by  Hewlett 
(22),  using  a  modified  Brodie  method,  have  shown  that  there 
is  a  considerable  temperature  interval  where  the  blood  flow  re- 
mains approximately  constant  when  the  surrounding  temperature  is 
changed. 

The  influence  of  the  hemoglobin  percentage,  of  the  output  from  the 
heart,  and. of  a  possible  unsaturation  of  the  blood  in  the  lungs  is 
shown  in  diagram  form  in  Text-fig.  2.  The  first  double  column  repre- 
sents the  conditions  in  a  person  with  normal  hemoglobin,  normal 
blood  flow,   and   total  saturation  of  the  arterial  blood.     The  next 


CHRISTEN   LUNDSGAARD 


191 


Oxygen 
Unsaluration 


Oxygen 
ConsumpTion 


Normal 
Average 


Anemia 

(Nephrite) 

Ca5e4 


A=  Arterial  Blood 
V=  Venous  Blood 


Decompensated     Probable  Condi- 
Heart  Condi fion    tm  m  Certain  Lung 
Case  14         and  Heart  Diseases 

k\v-K^   Oxyhemoglobin 
i^Hi    Reduced  Hemoglobin 


Text-Fig.  2.  Diagrams  showing  how  the  hemoglobin  percentage,  the  out- 
put from  the  heart,  and  the  saturation  of  the  arterial  blood  influence  the  oxygen  in 
the  venous  blood. 
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shows  the  findings  in  a  patient  with  very  low  total  oxygen  capacity' 
but  with  normal  circulation  and  full  saturation  in  the  lungs.  A 
comparison  of  these  two  sets  of  figures  shows  the  impossibility  of 
using  the  zero  as  the  base-line.  The  differences  in  hemoglobin  must 
be  accounted  for.  That  is  what  we  have  done  by  using  the  term 
oxygen  unsaturation,  which  is  represented  by  the  black  area.  The 
next  two  pairs  of  columns  show  how  the  extent  of  oxygen  unsatura- 
tion can  be  affected  in  the  same  way  by  different  causes.  The  third 
column  represents  the  condition  in  a  heart  case  (No.  14,  Table  II) 
when  the  total  oxygen  capacity  was  a  little  above  normal ;  the  satura- 
tion in  the  lungs  was  supposed  to  be  normal.  The  cause  of  the  in- 
creased oxygen  unsaturation  in  this  case  was  a  slow  circulation.  The 
fourth  column  represents  a  hypothetical  case  with  the  same  degree  of 
oxygen  unsaturation  of  the  venous  blood.  However,  the  cause  is 
ascribed  to  a  considerable  extent  of  unsaturation  of  the  arterial 
blood.  These  two  examples  show  the  possible  inaccuracy  of  using  the 
word  oxygen  consumption  in  the  same  sense  as  oxygen  unsaturation. 

Oxygen  Unsaturation  Compared  with  Oxygen  Consumption 
{Blood  Flow). 

It  is  of  interest  for  the  interpretation  of  our  results  that  the  minute 
volume  (output  per  minute  from  the  heart)  was  determined  4  years 
ago  in  the  Medical  Clinic  of  the  University  of  Copenhagen'  on  the 
same  subject  (the  writer)  on  whom  twenty  determinations  of  the 
oxygen  unsaturation  of  the  venous  blood  have  been  done  (Text-figs. 
1  and  4).'"  From  the  figures  indicating  the  values  for  the  minute 
volume  we  can  calculate  the  oxygen  consumption  of  the  average 
venous  blood." 

'  Compare  Morawitz  and  Rohmer's  observations  (23). 

'  Limdsgaard  (14),  p.  397. 

'"See  Table  I,  Paper  I  (1). 

"  The  details  of  Krogh  and  Lindhard's  method  can  be  seen  in  the  papers 
quoted  in  the  bibliography,  particularly  in  8,  10,  13,  and  14.  The  principles  are 
the  following:  The  subject  is  connected  with  an  easily  movable  spirometer  which 
contains  a  mixture  of  air  and  nitrous  oxide.  He  mixes  his  lung  air  with  the  air 
in  the  spirometer  during  three  to  five  respirations.  He  then  stops  breathing  for 
a  few  seconds.     Before  and  after  the  apneic  period  a  sample  of  alveolar  air  is 
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Text-Fig.  3.  Diagram  showing  the  oxygen  consumption  of  a  normal  man  cal- 
culated from  sixteen  determinations  of  the  minute  volume  of  the  heart  by  Krogh 
and  Lindhard's  nitrous  oxide  method. '-' 


drawn  and  analyzed.  On  account  of  absorption  by  the  blood  flowing  through  the 
lung  capillaries  the  second  sample  will  contain  a  smaller  amount  of  nitrous  oxide 
and  of  ox>-gen  than  the  first.  The  percentage  in  the  difference  between  the  two 
samples  multiplied  by  the  volume  of  air  in  the  lungs  will  indicate  the  amount  of 
blood  flowing  through  the  lungs  during  the  period  between  the  two  samples. 
The  output  of  blood  per  minute  from  the  heart  (the  minute  volume)  can  then  be 
calculated.  Knowing  the  quantity  of  oxygen  taken  up  by  the  blood  during  the 
same  period  we  can  calculate  the  amount  of  oxygen  taken  up  by  the  body  per 
100  cc.  of  blood.  When  a  correction  is  introduced  for  a  possible  abnormality  in 
the  percentage  of  hemoglobin  this  amount  will  indicate  the  oxygen  consumption 
by  the  average  blood.  An  extensive  critical  study  of  Krogh  and  Lindhard's 
method  is  published  by  Sonne  (24).  He  expresses  doubt  about  the  reliability  of 
the  method  on  account  of  possible  imperfect  mixture  of  the  lung  air,  not  only  in 
patients  but  in  normal  individuals  as  well.  Krogh  and  Lindhard  (25)  have  later 
on  admitted  that  the  difficulties  shown  by  Sonne  may  exist. 

'-See  Lundsgaard   (14),  p.  397.  where  the  data  for  the  blood  flow  can  be 
obtained. 
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Sixteen  determinations  of  the  blood  flow  were  made  at  tiiat  time. 
The  calculated  figures  for  the  oxygen  consumption  in  these  sixteen 
experiments  are  given  in  Text-fig.  3.  The  average  oxygen  consump- 
tion for  a  considerable  number  of  blood  flow  experiments  on  normal 
people  (5.4  volume  per  cent)  is  indicated. 

In  Text-fig.  4  are  given  the  figures  for  the  oxygen  unsaturation  of 
the  venous  arm  blood  of  the  same  subject  (the  writer)  as  reported  in 
the  first  paper  of  this  series.'"  The  average  fine  in  this  diagram  (5.5 
volume  per  cent)  is  from  thirty-eight  determinations  of  the  oxygen 
unsaturation  on  eleven  normal  people  reported  in  Paper  I  and  shown 
in  Text-fig.  1  in  this  paper.  It  will  be  seen  how  closely  the  values  for 
the  oxygen  unsaturation  determined  by  Van  Slyke's  method  agree 
with  the  values  for  the  oxygen  consumption  calculated  from  the  de- 
terminations of  the  blood  flow  with  Krogh  and  Lindhard's  method. 
The  average  figures  for  normal  individuals  are  the  same  (5.5  and  5.4 
volume  per  cent).  The  variations  for  the  two  series  on  the  same  per- 
son agree  rather  closely.  The  variations  in  the  oxygen  unsaturation 
are  more  extensive  than  the  variations  in  the  values  for  the  average 
consumption;  i.e.,  for  the  blood  flow.  This  is  probably  due  to  varia- 
tions in  the  local  blood  flow  in  the  arm  from  which  the  blood  is  drawn. 
It  is  worth  mentioning  that  the  subject  on  whom  the  determinations 
were  done  has  a  very  labile  circulatory  system  (respiratory  arrhyth- 
mia, changeable  pulse,  dermographia).''  The  significance  of  this 
agreement  is  that  the  amount  of  oxygen  lost  by  100  cc.  of  blood  in 
passing  through  the  forearm  is  approximately  the  same  as  the  average 
loss  in  passing  through  the  other  body  tissues.  In  view,  nevertheless, 
of  the  undoubted  possibility  that  the  disturbing  factors  discussed 
may  influence  the  unsaturation,  we  are  not  justified  at  present  in  in- 
terpreting unsaturation  figures  in  terms  of  minute  volume  of  the  heart. 
What  we  believe  we  can  do,  is  to  fix  the  limits  of  the  oxygen  unsatura- 

"  The  conception  that  the  extensive  variations  in  the  oxygen  unsaturation  in 
this  particular  case  are  principally  due  to  vasomotor  changes,  is  supported  by  an 
observation  (Cohn  and  Lundsgaard,  personal  communication)  on  the  relation 
between  the  brachial  blood  pressure  and  the  blood  pressure  in  the  arteries  of 
the  finger.  The  tension  in  the  digital  arteries  was  found  more  variable  than 
in  other  normal  subjects  and  more  variable  than  the  blood  pressure  nearer  the 
center. 
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tion  in  subjects  with  normal  circulation  and  normal  lungs  and  study 
the  variations  observed  in  carefully  controlled  patients  with  symp- 
toms of  abnormal  circulation  and  in  patients  with  respiratory  abnor- 
malities. From  the  data  thus  obtained  we  may  empirically  standard- 
ize the  figures  for  the  oxygen  unsaturation,  learn  the  pathological 
conditions  that  afi'ect  it,  and  thus  add  it  to  the  armamentarium  that 
assists  the  clinician  in  accurate  diagnosis.  The  empirical  evolution 
of  blood  pressure  measurement,  made  possible  by  accumulation  of 
many  determinations  on  clinically  controlled  patients,  has  shown  how 
a  quantitatively  measurable  factor,  even  though  imperfectly  ex- 
plained physiologically,  may  prove  to  be  of  value  in  clinical  medicine. 


1.  Thirty-one  determinations  of  the  total  oxygen-combining  power 
and  the  oxygen  in  the  venous  blood  from  vena  raediana  cubiti  of 
sixteen  resting  patients  are  reported. 

2.  The  difiference  between  the  total  oxygen  capacity  of  the  hemo- 
globin and  the  oxygen  in  the  venous  blood,  the  oxygen  unsaturation, 
is  calculated. 

3.  In  twelve  patients  with  compensated  heart  lesions  the  unsatura- 
tion was  found  within  normal  limits,  between  2.5  and  8  volume  per 
cent. 

4.  In  four  patients  with  incompensated  heart  disease  the  values 
for  the  unsaturation  were  all  above  the  normal  limit,  from  9.7  to 
15.2  volume  per  cent. 

5.  A  general  discussion  of  the  problem  of  interpreting  the  results  is 
given. 

6.  A  comparison  is  drawn  between  the  oxygen  consumption  cal- 
culated from  direct  determination  of  the  blood  flow  on  a  normal  sub- 
ject (the  writer)  and  the  oxygen  unsaturation  determined  4  years 
later  on  the  same  subject.  A  close  agreement  between  the  two  series 
of  values  exists. 
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STUDIES  OF  OXYGEN  IN  THE  VENOUS  BLOOD. 

III.  Determinations  on  Five  Patients  with  Compensated 
Circulatory  Disturbances. 

By  christen  LUNDSGAARD,  M.D. 

{From  Ike  Hospital  of  The  Rockefeller  Inslitute  for  Medical  Research.) 
(Received  for  publication,  October  23,  1917.) 

INTRODUCTION. 

In  two  previous  papers  on  the  same  subject  (1,  2)  the  technique  of 
drawing  blood  from  the  arm  vein  and  a  series  of  determinations  on 
twelve  normal  individuals  and  sixteen  patients  with  circulatory  dis- 
turbances have  been  reported. 

In  the  discussion  of  the  interpretation  of  the  results,  it  was  pointed 
out  that  variations  in  the  o.xygen  unsaturation  of  the  blood  from  an 
arm  vein  might  be 'caused  by  several  factors  other  than  the  output 
from  the  heart,  which  we  were  able  to  control  or  eliminate  only  to  a 
limited  degree.  These  factors  were:  (1)  the  degree  of  oxygen  satura- 
tion of  the  arterial  blood;  (2)  the  oxygen  consumed  by  the  metabolism 
of  the  part  of  the  body  drained  by  the  vein  tapped;  (3)  changes  in  the 
local  blood  flow  on  account  of  vasodilatations  or  constrictions  either 
in  the  organ  (the  arm)  from  which  the  blood  is  drawn  or  in  other 
parts. 

In  animal  experiments  the  influence  of  these  factors  might  be 
studied  separately.  In  clinical  medicine,  however,  we  have  to  deal 
with  a  given  condition  where  several  factors  usually  act  together. 
We  are,  therefore,  compelled  to  compare  our  findings  with  the  clini- 
cal observations  and  postpone  the  conclusions  until  sufficiently  ex- 
tensive material  has  been  collected. 

The  purpose  of  these  investigations  is  to  study  the  variations  in  the 
oxygen  unsaturation  of  the  venous  blood  in  patients  with  symptoms  of 
circulatory  disturbances;  that  is,  in  patients  in  whom  it  is  of  impor- 
tance to  find  out  whether  the  blood  flow  is  changed  or  not. 
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The  preliminary  determinations  reported  in  Paper  II  gave  promis- 
ing results.  Continuous  determinations  on  patients  over  a  longer 
period  have  therefore  been  taken  up.  Ten  patients  have  been  stud- 
ied, five  with  compensated'  and  five  with  incompensated  circulatory 
disturbances.  This  paper  is  a  report  of  the  findings  in  the  com- 
pensated group. 

Before  reporting  the  clinical  notes  and  the  figures  for  the  oxygen 
unsaturation  in  these  five  patients,  one  should  recall  that  the  Hmits 
for  the  oxygen  unsaturation  in  normal  individuals  were  9  and  2.5 
volume  per  cent.  However,  values  between  8  and  9  volume  per 
cent  were  found  in  only  four  determinations  and  under  special  circum- 
stances— a  few  seconds  after  awakening  from  a  night's  sleep,  a  condi- 
tion which,  as  a  rule,  we  shall  be  unable  to  reproduce  in  patients. 
Considering  that  all  the  values  for  the  oxygen  unsaturation  in 
twelve  patients  with  compensated  circulatory  disturbances  (2)  fell 
between  8  and  2.5  volume  per  cent,  it  seems  correct,  at  least  for 
the  time  being,  to  consider  8  volume  per  cent  the  upper  normal  limit. 
The  lower  limit  is  2.5  volume  per  cent,  the  average  5.5.  In  the  dia- 
grams of  the  oxygen  unsaturation  lines  have  been  drawn  to  indicate 
the  normal  limits. 

C.-VSES. 

Case  1  {Table  I,  Text-Fig.  1). — V.  G.,  niale,  gardner;  age  58  years. 

Diagnosis. — Aortic  insufficiency;  arteriosclerosis;  hypertension. 

Previous  History,  Symptoms,  etc. — Dyspnea  after  slight  e.xertion,  for  1  year. 
He  has  never  had  syphilis  or  rheumatic  fever,  but  for  years  he  has  suffered  from 
stiffness  of  the  back  and  has  now  and  then  had  sHght  joint  pains. 

Physical  Exafninalion. — No  cyanosis;  no  swelling  of  superficial  glands;  lungs 
clear;  heart  dullness  increased  considerably  to  the  left  and  downwards;  x-ray 
shows  increase  to  the  left  and  downwards;  no  thrill.  At  the  fourth  rib. on  the 
left  side  is  heard  a  distinct  diastolic  murmur  replacing  the  second  sound,  also 
heard  at  apex;  liver  not  felt;  no  ascites;  no  edema.  In  the  urine  was  found  a 
trace  of  albumin;  no  casts.  Blood  pressure  150-170.  Wassermann  reaction 
negative.    Temperature  normal. 

He  was  admitted  to  the  hospital  for  diagnosis,  confined  to  bed  for  the  first  3 
days,  and  after  that  time  allowed  to  get  out  of  bed.  No  special  treatment.  He 
felt  better  when  discharged;  dyspnea  less;  physical  signs  unchanged. 

'  Patient  4  in  the  present  paper  had  symptoms  of  heart  failure.  During  the 
course  of  the  disease  the  symptoms  were  interpreted  as  not  circulatory. 
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This  patient,  who  suffered  from  a  valvular  heart  lesion  which  is 
fully  compensated  at  rest,  shows  almost  constant  values  for  the  oxy- 
gen unsaturation  from  day  to  day.  Furthermore  the  values  follow 
the  normal  average.  He  was  a  patient  with  a  quiet  temper,  with  very 
slowly  reacting  vasomotors  and  with  a  steady,  regular  pulse. 

May,  1917  Jane  July 

23  24     13     19    20    23   26 


Text-Fig.  1.     Oxygen  unsaturation  of  venous  arm  blood.     Case  of  aortic  in- 
sufficiency; arteriosclerosis;  hypertension. 

Case  2  {Table  II,  Text-Fig.  2).—T.,  male,  steward;  age  52  years. 
Diagnosis.— Uyperlcnsion  arterialis;  slight  arteriosclerosis;  chronic  alcoholism; 
cirrhosis  of  the  liver  (?) ;  lues. 

Previous  History,  Symptoms,  e/c— Shortness  of  breath  on  exertion,  for  4  years. 
Physical  Exatiiiiiation.— Rather  fat  man;  lungs  clear;  no  cyanosis;  no  prominent 
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OXYGEN   IN   THE   VENOUS   BLOOD.      Ill 


veins;  heart  covered  by  the  lungs:  limits  uncertain  at  percussion;  x-ray  shows  the 
heart  moderately  enlarged  to  the  left;  no  murmurs;  aortic  second  sound  high 
pitched  and  accentuated.  The  abdomen  is  fat  with  prominent  veins  on  both 
sides  from  the  inguinal  region  to  the  axilla.  Liver  not  felt;  area  of  dullness  over 
spleen  not  distinctly  increased;  no  jaundice;  no  ascites;  no  edema;  the  urine  con- 


July,  1917 
10    II      12 


13     14    15     16     17     19    21     24 
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Text-Fig.  2.     Oxygen  unsaluraiion  of  venous  arm  blood, 
hypertension;  slight  arteriosclerosis;  cirrhosis  of  liver;  lues. 


Case  of  arterial 


tains  a  faint  trace  of  albumin;  no  casts;  blood  urea  not  increased.     Wassermann 
reaction  positive.     Temperature  normal. 

Treatment. — Confined  to  bed;  restricted  fluid  and  calories;  no  medication  apart 
from  antisyphihtic  treatment,  which  was  started  after  the  determinations  of  the 
oxygen  were  finished. 
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This  patient  was  a  moderately  advanced  case  of  the  cardiovascular 
type.  Besides  he  probably  had  some  cirrhosis  of  the  liver.  His  cir- 
culation was  fully  compensated.  The  oxygen  unsaturation  shows  less 
constancy  than  in  Case  1.  However,  the  variations  extend  prac- 
tically only  over  the  half  of  the  area  which  is  covered  by  the  values 
for  the  normal  individuals.  The  variations  are  smaller  than  in  the 
normal  person  and  the  curve  as  a  whole  is  more  uniform. 

Case  3  (Table  III,  Text-Fig.  3). — L..  male,  musician;  age  35  years. 

Diagnosis. — Arteriosclerosis;  hypertension;  lues;  incipient  aneurysm  of  the 
aorta. 

Previous  History,  SvMptoms,  etc. — Headache;  shortness  of  breath  on  exertion; 
contracted  syphilis  6  years  ago;  treated  regularly. 

Physical  Examination. — The  site  of  the  heart  is  normal  to  percussion  and  x-ray; 
no  murmurs;  both  aortic  and  pulmonic  second  sounds  very  distinct;  aortic  par- 
ticularly high  pitched;  heart  action  regular;  electrocardiogram  normal.  The 
x-ray  picture  shows  a  slight  distention  of  the  left  side  of  the  upper  part  of  the 
descending  aorta.  Wassermann  test  doubtful  three  times.  Lungs  clear;  no 
cyanosis,  distended  veins,  or  edema;  liver  not  felt;  radial  and  temporal  arteries 
tortuous  and  ver>-  hard;  urine  negative  for  albumin.  For  the  blood  pressure  see 
Text-fig.  3.     Temperature  normal. 

Treatment. — Confined  to  bed  for  the  tirst  12  days;  salt-free  diet;  restricted 
calories  and  fluid. 

During  his  stay  in  bed  his  hemoglobin  increased  from  116  to  122.  The  2nd 
day  he  was  out  of  bed  3  hours,  his  hemoglobin  dropped  suddenly  to  1 1 1  (verified 
several  times  on  two  different  samples  of  blood)  and  then  slowly  down  to  100  per 
cent.     No  explanation  for  this  could  be  found  in  his  condition  or  treatment. 

We  have  here  a  patient  with  a  pronounced  premature  arteriosclero- 
sis, probably  on  syphilitic  basis.  Besides  that  he  had  a  beginning 
aneurysm  which  could  be  detected  only  by  x-ray.  His  shortness  of 
breath  on  exertion  is  probably  due  entirely  to  this  high  blood  pressure. 
The  values  for  the  oxygen  unsaturation  in  seventeen  determinations 
are  rather  constant  and,  like  the  values  in  Case  2,  occupy  the  space 
below  the  normal  average,  one  a  trifle  below  the  normal  lower  limit. 

Case  4  (Table  IV.  Texl-Fig.  4).—}.  A.,  male,  porter;  age  49  years. 

Diagnosis. — Cirrhosis  of  the  liver;  nephritis;  urea  retention;  uremia  (?) ;  anemia. 

Previous  History,  Symptoms,  etc. — Edema  of  legs  for  3  to  4  months;  has  used 
much  alcohol;  has  never  had  any  sickness  before. 

Physical  Examination. — Dullness  from  the  right  border  of  sternum  to  2  cm. 
below  the  nipple.  X-ray  shows  that  the  heart  is  in  a  transverse  position  (on  ac- 
count of  his  ascites);  the  size  and  form  not  changed.    All  over  the  precordia  a 
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soft  systolic  murmur;-  aortic  and  pulmonic  second  sounds  normal;  pulse  regular; 
electrocardiogram  normal;  the  day  of  the  first  determination  some  moist  rales  in 
lungs;  since  then  clear;  no  cyanosis;  veins  are  not  distended;  marked  ascites;  no 
jaundice;  liver  and  spleen  not  felt,  but  the  area  of  dullness  over  the  spleen  is  dis- 
tinctly increased;  uremic  odor  of  breath;  sleepy;  heavy  edema  of  lower  extremi. 


Aug.,  1 917  5epr. 

28    29  30    31     I 


0  Ui±iH±mlliuJ±Ll£li^ 
12     3     4     5 

Text-Fig.  4.    Oxygen  unsaturation  of  venous  arm  blood. 
of  liver;  nephritis;  uremia;  anemia. 


Case  of  cirrhosis 


ties  extending  up  over  the  lower  part  of  abdomen;  diuresis  small.  Urine  contains 
albumin;  granular  and  hyaline  casts;  urea  in  blood  somewhat  increased  (50  mg. 
of  urea  per  100  cc.  of  blood).  Condition  stationary  during  the  time  of  bleeding. 
Treatment. — Confined  to  bed;  800  cc.  of  milk  per  day.  Diuresis  very  small 
(200gto  400  cc).     For  the  blood  pressure  see  Text-fig.  4. 


■  He  was  admitted  as  a  case  of  incompensated  heart  failure. 
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The  diagnosis  in  this  case  was  confirmed  by  an  autopsy  which 
showed  a  typical  liver  cirrhosis  of  Laennec's  type,  a  big  hard  spleen, 
parenchjTnatous,  subchronic  nephritis;  heart  and  lungs  were  normal; 
no  sclerosis  of  aorta.  The  results  on  this  patient  show  the  impor- 
tance of  using  the  oxygen  unsaturation,  not  the  direct  value  for  the 
oxygen  in  the  venous  blood,  on  account  of  the  anemic  condition. 
A  consideration  of  the  whole  clinical  picture  made  it  obvious  that  his 
ascites,  edema,  and  low  diuresis  were  not  due  to  incompensated  cir- 
culation. It  is,  therefore,  interesting,  to  find  normal  values  for  the 
oxj'gen  unsaturation.  The  values  are  not  only  within  the  normal 
limits,  but  they  are  very  constant  and  follow  absolutely  the  line  for 
the  normal  average.  The  day  when  the  first  determination  was  made 
quite  a  number  of  moist  riles  were  heard  at  the  base  of  the  left  lung. 
At  the  time  of  the  following  determinations  the  lungs  were  clear. 
However,  no  differences  were  observed  in  the  figures  for  the  oxygen 
unsaturation.'  He  was  very  quiet  all  the  time,  in  fact  his  mind 
was  not  quite  clear,  particularly  at  the  time  of  the  last  determina- 
tions. The  temperature  was  normal.  He  died  5  days  after  the 
last  determination. 

Case  5  {Table  V,  Text-Fig.  5). — G.,  male,  teacher;  age  38  years. 

Diagnosis. — Mitral  insufRciency;  cardiac  palpitations;  auricular  fibrillation. 

Previous  History,  Symptoms,  etc. — Palpitation;  fatigue  on  exertion,  for  4  to  6 
years;  no  rheumatic  fever;  no  syphilis. 

Physical  Examination. — On  admission  moist  rales  at  the  base  of  the  left  lung; 
otherwise  lungs  are  clear;  no  cyanosis  or  swelling  of  superficial  vein;  dyspnea 
only  on  rather  considerable  exertion ;  dullness  distinctly  increased  to  the  left  and 
in  direction  of  the  left  axilla;  at  apex  distinct  systoUc  murmur  replacing  almost 
entirely  the  first  sound;  no  diastolic  murmur;  pulse  rate  moderately  rapid  (100); 
electrocardiogram  and  pulse  show  auricular  fibrillation;  liver  not  felt,  not  tender; 
no  edema.  Temperature  normal.  From  April  19  to  30  he  had  0.5  gra.  of  digi- 
puratum  a  day.  He  did  not  show  any  clinical  signs  of  incompensations.  The 
rales  in  his  lungs  disappeared  and  the  lungs  were  clear  at  the  time  of  the  deter- 
minations; temperature  normal. 

The  results  show  two  very  important  traits.  In  the  first  place,  the 
values  for  the  oxygen  unsaturation  vary  to  an  extent  not  seen  before, 
from  4.5  to  16.2  volume  per  cent.  In  the  second  place,  he  is  the  first 
patient  with  a  clinically  compensated  heart  lesion  in  which  there 
have  been  found  values  for  the  o.xygen  unsaturation  outside  the  nor- 
mal limits,  8  and  2.5  volume  per  cent.  The  results  on  this  patient 
are  in  striking  contrast  to  those  found  in  the  other  four  patients. 

'  See  the  discussion  in  Paper  II  (2)  about  the  saturation  of  the  arterial  blood. 
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The  most  conspicuous  clinical  difference  between  him  and  the  other 
four  patients  is  the  heart  rhythm.  It  is  difficult  to  find  other  cause 
for  the  change  in  the  oxygen  unsaturation  than  variations  in  the  out- 
put from  the  heart.    The  lungs  were  clear,  there  was  no  evidence  of  any 
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Text-Fig.  5.    Oxygen  unsaturation  of  venous  arm  blood.     Case  of  mitral 
insufficiency  and  auricular  fibrillation. 

changes  in  the  metabolism,  and  it  seems  unlikely  that  undetected  vaso- 
motor changes  could  account  for  the  fluctuations  shown  in  the  chart. 


DISCUSSION. 


A  previous  investigation  of  the  minute  volume  in  heart  patients  by 
the  writer  (3)  gave  results  which  agree  closely  with  those  found  here. 
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It  was  found  that  patients  with  valvular  disease  combined  with 
arrhythmia  perpetua  or  with  groups  of  extrasystoles  may  show  (1) 
abnormally  great  variations  in  the  output  and  (2)  diminished  minute 
volume  without  chnical  signs  of  incompensation.  It  is  possible  to 
calculate  the  degree  of  oxygen  consumption^  in  the  patients  referred 
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Text-Fig.  6.  Case  of  compensated  mitral  and  aortic  insufficiency  and  mitral 
stenosis.  Pulse  regular.^  Oxj'gen  consumption  calculated  from  blood  flow  de- 
terminations with  Krogh  and  Lindhard's  nitrous  oxide  method.  Lines  indicate 
the  normal  average  and  the  normal  extremes  for  oxygen  unsaturation. 


*  The  difference  between  O-xygen  unsaturation  and  o.xygen  consumption  is  de- 
fined in  Papers  I  and  11  (1,  2).  In  Paper  II.  is  given  a  short  description  of  Krogh 
and  Lindhard's  method. 

'  Case  1,  Lundsgaard  (3),  p.  .SI 8. 
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to.  Text-figs.  6  to  9  show  the  calculated  values  for  the  oxygen  con- 
sumption in  four  patients  where  the  minute  volume  was  determined 
by  Krogh  and  Lindhard's  nitrous  oxide  method.  Text-figs.  6,  7,  and 
8  represent  patients  suffering  from  compensated  heart  lesions.     The 
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Text-Fig.  7.  Case  of  compensated  mitral  stenosis  and  insufficiency.  Pulse 
regular.*  Oxygen  consumption  calculated  from  blood  flow  determinations  with 
Krogh  and  Lindhard's  nitrous  o.xide  method.  Lines  indicate  the  normal  average 
and  the  normal  extremes  for  oxygen  unsaturation. 

pulse  rate  was  regular  in  these  cases.  It  will  be  seen  that  the  figures 
agree  closely  with  the  directly  determined  oxygen  unsaturation  in 
the  first  four  patients  in  this  paper. 

*  Case  10,  Lundsgaard  (3),  p.  544. 
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Text-fig.  9,  on  the  other  hand,  represents  a  patient  with  clinically 
compensated  mitral  stenosis  and  auricular  fibrillation.  The  calcu- 
lated values  for  the  oxygen  consumption  (1)  are  varying,  (2)  are  above 
the  normal  line,  and  (3)  agree  closely  with  the  directly  determined 
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Text-Fig.  8.  Case  of  compensated  heart  block.'  Pulse  regular.  Oxygen 
consumption  calculated  from  blood  flow  determinations  with  Krogh  and  Lind- 
hard's  nitrous  oxide  method.  Lines  indicate  the  normal  average  and  the  normal 
extremes  for  oxygen  unsaturation. 

values  in  Case  5  of  this  report.  This  seems  to  be  suli&cient  proof  that 
the  variations  in  the  oxygen  saturation  of  the  venous  arm  blood  may 
in  some  instances  express  the  variations  in  the  output  of  the  heart. 
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'  Case  1,  Lundsgaard  (4),  p.  488. 
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The  values  for  the  oxygen  unsaturation  in  the  first  four  patients 
are,  as  mentioned  before,  more  uniform  than  the  values  in  normal 
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Text- Fig.  9.  Case  of  compensated  mitral  stenosis.  Pulse  irregular.  Auricu- 
lar fibrillation.*  Oxygen  consumption  calculated  from  blood  llow  determinations 
with  Krogh  and  Lindhard's  nitrous  oxide  method.  Lines  indicate  the  normal 
average  and  the  normal  extremes  for  oxygen  unsaturation. 


*  Case  7,  Lundsgaard  (3),  p.  535. 


CHRISTEN    LUNDSGAARD  217 

people.  The  same  thing  could  be  seen  in  the  determinations  of  the 
minute  volume  of  the  heart  in  normal  people  and  in  patients  with 
compensated  circulatory  disturbances.  The  figures  for  the  oxygen 
unsaturation  calculated  from  the  blood  flow  were  more  regular  in 
patients  with  compensated  valvular  disease  and  regular  heart  action 
than  in  the  two  normal  people.  This  may  be  interpreted  as  indicat- 
ing that  a  regularly  beating  heart  working  against  a  certain  burden 
will  have  a  smaller  margin  of  action  than  the  normal  heart.  The 
burden  probably  acts  on  the  heart  like  a  heavy  wheel  on  a  machine, 
making  its  action  steady.' 


1.  Forty-six  determinations  of  the  oxygen  unsaturation,  i.e.,  the 
difference  between  the  venous  oxygen  and  the  total  oxygen  capacity 
of  the  hemoglobin,  have  been  done  in  five  patients  with  compensated 
circulatory  disturbances. 

2.  Values  within  normal  limits  and  near  or  below  the  normal 
average  were  found  in  four  patients  with  regular  pulse. 

3.  In  one  patient  with  mitral  insufficiency  and  arrhythmia  per- 
petua  extremely  varying  values  were  encountered.  Six  determina- 
tions were  made;  in  one  instance  the  value  was  within  normal  limits, 
in  five  above,  and  in  one  of  those  even  higher  than  in  most  cases  of 
incompensated  heart  lesions. 

4.  A  comparison  is  drawn  between  the  directly  determined  oxygen 
unsaturation  in  these  patients  and  the  oxygen  consumption  calcu- 
lated from  previous  experiments  by  the  writer,  where  the  blood  flow 
was  determined  directly  by  the  nitrous  oxide  method.  A  close  paral- 
lelism is  found. 
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'  It  is  wortli  mentioning  that  the  normal  person  on  whom  twenty  determina- 
tions of  oxj'gen  were  done  (Paper  I  and  Text-fig.  1,  Paper  II)  had  a  very  unsteady 
circulation  (unsteady  pulse,  respiratory  arrhythmia,  dermographism).  Great 
variations  in  the  oxygen  unsaturation  were  encountered. 


i 


STUDIES  OF  OXYGEN  IN  THE  VENOUS  BLOOD. 

I\'.     Determinations   on    Five    Patients   with    Incompensated 
Circulatory  Disturbances. 

By  christen  LUNDSGAARD,  M.D. 

{From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  October  23,  1917.) 
introduction. 

The  technique  of  drawing  and  preserving  the  blood,  the  results  on 
normal  individuals,  and  a  preliminary  study  of  patients  with  circula- 
tory disturbances  have  been  reported  in  Papers  I  and  II  (1,  2) 
of  this  series. 

In  accordance  with  the  viewpoints  laid  down  in  these  two  papers 
an  investigation  of  the  variations  in  the  oxygen  unsaturation'  of  the 
venous  blood  over  a  longer  period  in  the  same  person  was  taken  up. 
Ten  patients  suffering  from  different  forms  of  circulatory  disturbances 
have  been  studied.  In  Paper  III  (3)  a  report  was  made  of  46  deter- 
minations on  five  patients  in  a  compensated  stage.  The  present 
paper  is  a  report  of  103  determinations  on  live  patients  with  diiTerent 
heart  lesions,  all  of  whom,  during  a  certain  period,  were  distinctly 
clinically  incompensated.  Repeated  determinations  have  been  made 
during  the  course  of  the  disease,  and  the  clinical  symptoms  which 
have  bearing  upon  the  compensation  or  incompensation  have  been 
noted. 

Short  descriptions  of  the  history,  the  physical  examination  at  ad- 
mission, and  the  treatment  are  given.  The  development  of  the  dis- 
ease can  be  followed  from  the  notes  on  the  charts.  In  the  diagrams 
are  given  the  curves  of  the  oxygen  unsaturation  of  the  venous  blood. 

'  The  term  o.xygen  unsaturation  means  the  difference  between  tfte  total  o.xy- 
gen-combining  power  of  the  hemoglobin  and  the  oxygen  in  the  venous  blood. 
For  further  details  see  the  discussion  in  the  preceding  papers,  especially  Paper 
11,  Text-fig.  2. 
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The  extreme  normal  limits  and  average  normal  are  indicated  on  the 
diagrams  for  comparison.  Marks  showing  the  treatment  with  digi- 
talis and  the  condition  of  the  circulation  (compensation  or  incom- 
pensation)  are  added.  The  chnical  sj-mptoms,  which  have  been  es- 
pecially followed,  are  dyspnea,  cyanosis,  swelling  of  the  superficial 
veins,  enlargement  of  the  liver,  edema,  diuresis,  and  body  weight. 
The  figures  for  the  respiration  indicate  the  rate  just  after  the  blood 
has  been  drawn.  For  that  reason  the  rate  of  respiration  is  sometimes 
somewhat  higher  than  would  be  the  case  if  the  patient  had  not  been 
bled.     This  holds  particularly  true  in  the  compensated  stage. 

The  pulse  has  been  counted  during  the  bleeding.  In  patients  with 
auricular  fibrillation  the  apex  rate  and  radial  rate  have  been  counted 
simultaneously  in  order  to  obtain  the  pulse  deficit.  In  the  few  in- 
stances where  the  temperature  of  the  patients  has  been  increased,  it 
is  noted  in  the  description  of  the  patient. 

CASES. 

Case  1  {Table  I,  Text-Fig.  1). — P.,  male,  photographer;  age  46  years.  Ad- 
milted  March  26,  1917.     Discharged  April  30. 

Diagnosis. — Myocarditis;  arteriosclerosis;  chronic  nephritis;  hy-pertension. 

Previous  History,  Symptoms,  etc. — Shortness  of  breath  for  a  year,  particularly 
on  exertion ;  swelling  of  legs  and  abdomen  for  2  months.  No  syphiUs  or  rheu- 
matic fever.    He  has  used  alcohol  every  day  for  several  years. 

Physical  Examination. — Heart  dullness  and  shadow  on  x-ray  picture  increased  to 
the  left  and  downwards.  Limit  of  dullness  is  3.5  cm.  to  the  right  and  14  cm.  to 
the  left  of  the  middle  line  at  the  fourth  interspace,  15  cm.  to  the  left  at  the  sixth 
interspace.  .An  indistinct  systolic  murmur  is  heard  all  over  the  precordium.  Aortic 
second  sound  is  accentuated.  Blood  pressure:  systolic  175,  diastolic  125.  There 
are  moist  rales  and  slight  dullness  at  the  lower  parts  of  both  lungs.  He  is  cya- 
notic and  the  veins  of  the  neck  are  distended.  There  is  distinct  ascites;  the  liver 
is  felt,  not  tender.  Marked  edema  of  both  legs  extending  up  over  sacrum.  In  the 
urine  was  found  slight  albumin,  and  occasionally  granular  casts.  Blood  urea  con- 
siderably increased  (73  mg.per  100  cc).  Index  of  urea  excretion  (McLean  (4))  15.0, 
in  the  course  of  the  treatment  increasing  to  74.0.     Wassermarm  test  negative. 

Treatment. — He  was  confined  to  bed  and  treated  first  with  milk  diet,  and  later 
with  salt-free  diet. 

Three  determinations  of  the  oxj^gen  unsaturation  were  done.  The 
first  was  done  the  day  after  admission.  He  was  distinctly  incompen- 
sated  and  the  value  for  the  unsaturation  was  far  above  the  upper  normal 
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limit.  The  second  determination  was  done  at  a  time  when  it  was  doubt- 
ful whether  he  was  compensated  or  not  (Table  I  and  Text-fig.  1).  The 
oxygen  unsaturation  was  at  that  time  just  above  the  upper  normal  limit. 
At  the  time  of  the  third  determination  he  was  absolutely  compensated 
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Text-Fig.  1.  Oxygen  unsaturation  of  venous  arm  blood.     Case  of  myocarditis; 
arteriosclerosis;  chronic  nephritis;  hypertension. 

at  rest.'  His  oxygen  unsaturation  was  at  that  time  normal.  The 
interpretation  of  this  case  is  made  difficult  by  the  fact  that  there  were 
quite  a  number  of  rales  in  the  lungs  at  the  time  of  the  first  determina- 
tion, which  may  or  may  not  have  affected  the  saturation  of  the 


■  In  the  evening  a  slight  edema  around  the  ankles  was  found. 
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arterial  blood.'  In  several  instances  (Papers  II  and  III)  the  oxygen 
unsaturation  has  been  normal  in  patients,  where  just  as  many  rkles 
were  heard  as  in  this  case.  At  the  time  of  the  second  determination 
a  few  crackling  r&les  in  the  left  axilla  were  noticed.  These  disap- 
peared the  next  day. 

The  edema  in  this  case  was  supposed  to  be  chiefly  of  nephritic 
origin.  Besides  this  it  was  evident  that  he  had  an  incompensated 
myocarditis.  The  results  of  the  oxygen  determinations  in  this  case 
at  the  different  stages  of  the  disease  agree  therefore  with  what  was 
previously  found  in  patients  with  compensated  and  incompensated 
heart  lesions  (Papers  II  and  III). 

Case  2  {Table  II,  Text-Fig.  2). — M.,  male,  student;  age  14  years.  Admitted 
August  28,  1917.     Discharged  October  21. 

Diagnosis. — Mitral  and  aortic  insufficiency;  mitral  stenosis  (?);  recurrent 
endocarditis  (?). 

Previous  History,  Symptoms,  etc. — Palpitation  and  dyspnea,  particularly  on  ex- 
ertion, for  3  years.  He  has  had  four  attacks  of  rheumatic  fever,  the  first  6 
years  ago.  The  second,  3  years  ago,  involved  his  heart.  He  had,  furthermore, 
an  attack  of  chorea  2  years  ago.  During  the  last  2  months,  since  the  last  hos- 
pital treatment  for  rheumatic  fever  and  endocarditis,  he  has  suffered  from  in- 
creasing palpitation  and  dyspnea.  He  has  been  confined  to  bed  during  the 
last  4  months. 

Physical  Examination. — A  few  rales  on  deep  inspiration  at  the  base  of  both 
lungs.  The  rales  disappeared  quickly  and  the  lungs  were  clear  at  the  time  of  the 
determinations  of  the  venous  oxygen.  There  is  distinct  bulging  of  theprecordium. 
No  thrills.  The  heart  is  considerably  enlarged  to  the  right  and  left,  4  cm.  to  the 
right  and  12.5  cm.  to  the  left  of  the  middle  line  of  sternum.  The  thorax  is  small. 
The  x-ray  picture  shows  a  considerable  enlargement  in  both  directions.  The 
normal  heart  sounds  are  replaced  by  blowing  systolic  and  diastolic  murmurs  over 
the  precordium.  In  the  pulmonic  area  the  pulmonic  second  sound  can  be  heard, 
besides  systolic  and  diastolic  murmurs.  The  heart  action  is  regular  and  rapid. 
The  pulse  is  regular  and  small,  collapsing  in  type.  Blood  pressure:  systolic  116, 
diastolic  65.  The  electrocardiogram  shows  regular  heart  rhythm  and  signs  of 
hypertrophy  of  the  left  ventricle.  He  is  moderately  cyanotic,  the  superficial  veins 
are  distended,  and  he  is  dyspneic.  Liver  extends  from  the  fifth  rib  to  10  cm. 
below  the  costal  margin  in  the  nipple  line,  and  is  tender.  Spleen  is  not  felt.  No 
ascites.  There  is  slight  edema  of  the  lower  legs  and  more  distinct  edema  pos- 
teriorly over  the  hips.  The  edema  over  the  hips  disappeared  quickly.  Diuresis 
small,  420  to  740  cc.     In  the  urine  is  found  a  trace  of  albumin;  no  casts. 

'  See  the  discussion  in  Papers  II  and  HI. 
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Treatment. — He  was  confined  to  bed;  had  salt-free  diet  and  restricted  calories. 
From  September  5  to  September  10  he  had  digipuratum  about  0.5  gm.  a  day, 
without  any  appreciable  effect  on  the  circulation.    Besides,  he  had  iron,  arsenic, 

Aag.5ept,19l7 

30    4     7     10    IZ    14    2Jo 


Decompensated 


Text-Fig.   2.  0.x>'gen  unsaturation  of  venous  arm  blood.     Case  of  mitral 
and  aortic  insufficiency;  mitral  stenosis  (?") ;  recurrent  endocarditis. 

and  aspirin.  His  clinical  condition  as  a  whole  was  unchanged  during  the  deter- 
mination of  the  blood.*  He  ran  some  temperature  at  the  time  of  determinations 
of  the  oxygen  (rectal  temperature  between  100  and  101°F.). 


■*  September  27.  A  determination  of  the  blood  oxygen  (not  given  in  the  table) 
showed  an  unsaturation  of  9  volume  per  cent.  His  condition  was  the  same  as 
before.    October  21.    He  was  discharged;  his  clinical  condition  was  imchanged. 
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This  is  a  case  of  incompensated  valvular  heart  disease  on  rheumatic 
basis.  He  probably  has  some  endocarditis  too.  The  values  for  the 
oxygen  unsaturation  are  all  above  the  upper  normal  hmit.  They  are 
rather  constant,  all  being  between  8  and  10  volume  per  cent.  The 
cHnical  condition  was  as  a  whole  constant  and  unchanged,  although 
the  edema  showed  a  tendency  to  disappear.  It  is  important  to  em- 
phasize that  he  was  running  a  little  temperature  (100-101°  F.)  all 
the  time.  It  is  possible  that  this  may  have  some  effect  on  the  oxygen 
unsaturation  on  account  of  increased  metabolism. °  His  lungs  were 
perfectly  clear.  It  is  interesting  to  note  the  constancy  of  the  values 
for  the  ox}'gen  unsaturation  compared  with  those  found  in  the  three 
following  cases  (fibrillators).  It  is  more  constant  than  the  values 
found  in  the  normal  indi\adual  (Papers  I  and  II).  The  margin  of 
action  of  his  heart  is  probably  very  limited.*  DigitaHs  was  without 
effect — a  striking  contrast  to  what  was  found  in  the  three  fibrillators. 

Case  3  (Table  III,  Text-Fig.  3). — Z.,  housewife;  age  54  years.  Admitted  June 
21,  1917.    Discharged  July  25. 

Diagnosis. — Chronic  cardiac  disease  (auricular  fibrillation) ;  chronic  myocarditis. 

Previous  History,  Symptoms,  et-c. — Shortness  of  breath  and  swelling  of  legs  for 
the  last  3  months.  The  sjTnptoms  have  continuously  grown  more  and  more 
severe.     Neither  rheumatic  fever  nor  lues. 

Physical  Examination. — A  few  rales  during  the  last  part  of  the  inspiration  on 
both  sides  from  the  eighth  to  the  tenth  rib.  No  distinct  dullness.  There  is 
marked  dyspnea,  slight  cyanosis,  and  distinct  swelling  of  the  superficial  veins. 
Heart  dullness  from  3  cm.  to  the  right  of  the  middle  line  of  the  sternum  to  14  cm. 
to  the  left  in  the  fourth  intercostal  space.  X-ray  picture  shows  the  heart  moder- 
ately enlarged  to  the  left.  The  heart  action  is  verj'  rapid  and  irregular.  The 
electrocardiogram  shows  auricular  fibrillation.  No  distinct  murmurs  are  heard. 
The  aortic  and  pulmonic  second  sounds  are  distinct  and  equal.  The  patient  is 
generally  a  fibrillator.     Blood  pressure:  systolic  185,  diastolic  120.     It  is  difficult 

'  See  the  discussion  in  Paper  U. 

'  As  mentioned  in  Paper  m,  a  valvular  defect  (aortic  and  mitral  insufficiency, 
aortic  stenosis)  or  increased  blood  pressure  probably  influences  the  action  of  the 
heart  in  the  same  way  that  a  heavy  wheel  influences  a  machine.  In  mitral  steno- 
sis with  auricular  fibrillation  the  opposite  holds  true.  The  reason  is  that  the  in- 
creased resistance  is  here  offered  to  the  auricle  instead  of  the  ventricle  (see  the 
discussion  on  page  559,  Lundsgaard  (5),  where  the  difference  between  the  auric- 
ular and  the  ventricular  form  of  heart  failure  is  pointed  out  according  to  the 
result  of  the  blood  flow  determinations  reported  in  the  paper  referred  to). 


CHRISTEN   LUNDSGA.-UID 


227 


to  decide  whether  or  not  the  liver  is  enlarged.  No  tenderness  over  the  left 
epigastric  region.  Spleen  is  not  felt.  No  ascites.  VVassermann  test  negative. 
Urine  negative  for  albumin.    Blood  urea  normal.     Temperature  normal. 

Treatment. — She  was  confined  to  bed  until  July  14.     From  that  date  she  was 


June,  19 17  July 

Zl     23    25    27    29     2     6     9 


II     13     15      17     19     21    24 


gm. 


Upper 
normal  limit 


^^normal 
average 


Lower 
normal  limit 


Pecompensated. 


Compensated 


Text-Fig.  3.    Oxygen  unsaturation  of  venous  arm  blood.     Case  of  chronic 
cardiac  disease  (auricular  fibrillation) ;  chronic  myocarditis. 


allowed  to  be  out  of  bed,  increasing  the  time  every  day.  She  had  milk  diet 
(800  cc.)  for  the  1st  week.  Since  then  salt-free  diet  (1.800  to  2,000  calories). 
Digipiu-atum,  0.5  gm.  a  day,  was  given  from  June  24  to  30  and  about  0.3  gm.  a 
day  from  July  20  to  25.  She  lost  rapidly  in  weight  from  the  1st  day  in  the 
hospital  in  spite  of  a  rather  small  diuresis.     Temperature  normal. 
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This  patient  was  distinctly  incompensated  at  admission,  but 
recovered  quickly  (Table  III).  The  values  for  the  oxygen  un- 
saturation  of  the  venous  blood  started  above  the  upper  normal 
limit.  At  the  time  of  the  lirst  two  determinations  the  patient  had 
rales  in  the  lungs.  At  the  third  determination  the  lungs  were  clear 
and  remained  so  during  the  rest  of  the  time.  In  spite  of  the  differ- 
ence in  the  condition  of  the  lungs  no  variations  were  encountered 
in  the  oxygen  unsaturation  of  the  venous  blood  of  the  first  three 
determinations,  a  fact  which  supports  what  has  pre\aously  been  sug- 
gested (Paper  II)  that  rales  do  not  necessarily  influence  the  oxygen 
unsaturation  of  the  venous  blood.  This  cannot  mean  anything  else 
than  that  the  saturation  of  the  arterial  blood  has  been  as  complete 
as  in  individuals  with  normal  lungs.  The  fourth  oxygen  determina- 
tion shows  a  value  within  normal  limits;  the  clinical  signs  of  incom- 
pensation  were  decreasing  but  still  to  be  seen.  The  fact  that  a 
value  for  the  oxygen  unsaturation  within  normal  Hmits  can  be  ob- 
tained in  a  stage  of  clinical  incompensation  does  not  disagree  with 
what  has  been  previously  found  in  Paper  II.'  This  question  will  be 
discussed  in  the  next  case. 

The  fifth  determination  shows  the  highest  values  for  the  oxygen 
unsaturation  obtained  in  this  patient.  The  next  day  it  went  down 
to  the  normal  average.  At  that  time  it  was  questionable  whether 
she  was  clinically  incompensated  or  not.  On  July  7  it  was  evident 
that  the  chnical  symptoms  of  incompensation  had  disappeared  and 
from  that  date  the  oxygen  unsaturation  as  a  rule  was  within  the 
normal  limits.  In  two  instances,  however,  it  was  above  the  upper 
normal  limit  and  as  a  whole  it  was  variable.  The  fact  that  we  can 
obtain  values  for  the  oxygen  unsaturation  above  the  upper  normal 
limit  in  a  period  of  full  compensation  agrees  with  the  findings  in 
Patient  5,  in  Paper  III,  and  with  those  in  the  two  following  patients 
in  this  paper.  It  is  probably  explained  by  the  fact  that  the  values 
for  the  oxygen  unsaturation  of  the  venous  blood  are  above  the  upper 
normal  limit  in  the  incompensated  period  and  within  normal  limits 
in  the  compensated  period.     As  in  other  fibrillators,  however,  we  may 

'  In  ihis  publication  all  the  determinations  with  compensated  cases  showed 
values  within  the  normal  limits,  whereas  all  the  values  obtained  in  the  incompen- 
sated cases  were  above.    See  the  discussion  in  Paper  II. 
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find  abnormally  high  values  in  the  period  of  compensation.  The 
relation  of  the  curve  for  the  oxygen  unsaturation  to  the  digitalis 
treatment  is  unmistakable,  and  the  same  is  found  in  the  following 
patients  and  discussed  more  in  detail. 

Case  4  {Table  IV,  Text-Fig.  4). — D.,  housewife;  age  37  years.  Admitted  July 
19,  1917.     Discharged  October  14. 

Diagnosis. — Mitral  insufficiency  and  stenosis;  auricular  fibrillation. 

Previous  History,  Symptoms,  etc. — Palpitation  and  shortness  of  breath,  par- 
ticularly on  exertion.  Swelling  of  legs.  She  had  rheumatic  fever  14  years  ago, 
but  had  no  heart  trouble  at  that  time.  Never  had  lues.  For  the  last  2  years 
she  has  suffered  from  her  present  symptoms,  periodically,  not  continuously.  3 
weeks  ago  she  left  a  hospital  in  fairly  good  condition,  but  her  symptoms  reap- 
peared quickly  and  have  steadily  grown  worse. 

Physical  E.xamination. — No  cyanosis  or  dyspnea.  There  is  swelling  of  the 
superficial  veins.  The  heart  dullness  is  considerably  increased,  extending  from 
the  fifth  interspace,  6  cm.  to  the  right  and  14  cm.  to  the  left  of  the  middle  line  of 
the  sternum.  The  x-ray  picture  shows  the  heart  shadow  correspondingly  increased. 
No  thrill.  A  harsh  sj'stolic  murmur,  replacing  the  first  sound,  is  heard  over  the 
precordium  and  transmitted  upward  in  the  direction  of  the  left  a.xilla.  An  in- 
distinct presystolic  murmur  is  heard  at  the  apex.  The  pulmonic  second  sound 
is  accentuated  and  reduplicated.  AU  the  sounds  at  the  bases  are  indistinct." 
The  heart  action  is  violent  and  irregular.  The  electrocardiogram  shows  auricu- 
lar fibrillation.  Systolic  blood  pressure  100  (palpation).  Diastolic  could  not 
be  determined.  Liver  is  felt  10  cm.  below  the  curvature  in  the  nipple  line;  tender. 
Spleen  not  felt.  No  ascites.  Marked  edema  extending  upward  over  the  hips. 
Urine  negative  for  albumin.     Wassermann  test  negative. 

Treatment. — She  was  confined  to  bed  and  treated  with  milk  diet  (800  cc.)  dur- 
ing the  first  10  days.  Later  she  had  salt-free  diet  (1,800  to  2,200  calories). 
Besides  iron,  she  had  1.6  gm.  of  digipuratum  from  August  22  to  26  (about  0.3 
gm.  a  day).  Later  she  had  1.6  gm.  of  digipuratum  from  August  27  to  Septem- 
ber 10  (about  0.1  gm.  a  day.)  Her  temperature  was  normal  during  all  the  de- 
terminations. 

At  the  time  of  the  first  three  determinations  some  rales  were  heard 
at  the  base  of  both  lungs.  Later  on  the  lungs  were  clear.  Thirty 
determinations  of  the  oxygen  unsaturation  of  the  venous  blood  were 
done  during  two  periods  with  an  interval  of  2  weeks  between.  In 
spite  of  the  incompensated  condition  and  the  riles  the  values  for  the 
oxygen  unsaturation  were  within  normal  limits  the  first  five  times. 
The  first  four  determinations  gave  values  which  almost  followed  the 
normal  average,  the  fifth  was  nearer  the  upper  limit.     The  results 
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■  of  the  first  five  oxygen  determinations  show  the  same  things  which 
were  seen  once  in  Case  3:  a  normal  oxygen  unsaturation  at  a  time 
when  the  patient  is  distinctly  clinically  incompensated.  This  is 
probably  an  expression  of  the  fact  that  she  was  improving.  It  will 
be  seen  from  the  chart  that  the  severity  of  the  symptoms  of  incompen- 
sation  were  decreasing.  The  fourth  and  fifth  determinations  showed 
an  increasing  tendency.  Digitalis  treatment  was  started  on  July 
26.  The  oxygen  unsaturation  was  still  higher  the  next  day  (No.  6), 
this  time  above  the  normal  limit.  1  day  later  a  sudden  drop  in  the 
oxygen  unsaturation  (4.6  volume  per  cent)  occurred.  Whether  or  not 
this  was  a  result  of  the  digitahs  treatment  cannot  be  definitely  de- 
cided from  the  present  facts.  Nos.  8,  9,  10,  and  1 1  were  all  within  the 
normal  limits.  The  oxygen  determinations  then  had  to  be  stopped 
for  2  weeks.  At  the  time  of  the  tenth  and  eleventh  determinations 
she  was  clinically  compensated;  she  felt  well  and  was  allowed  to  be 
out  of  bed. 

This  chnically  compensated  condition  lasted  for  about  12  days. 
At  that  time  (August  14)  a  rather  sudden  change  in  condition  oc- 
curred. The  patient  began  to  feel  uneasy.  She  had  palpitations, 
throbbing  in  the  veins  of  the  neck,  and  pain  in  the  left  hypochondriura. 
On  August  17  when  the  oxygen  determinations  were  taken  up  again 
she  was  slightly  incompensated.  The  oxygen  unsaturation  (9.7 
volume  per  cent)  was  above  the  upper  normal  limit.  The  next  day 
it  was  still  higher  (13.5  per  cent),  and  the  clinical  symptoms  of  in- 
compensation  were  more  marked.  The  two  following  determinations 
(Nos.  14  and  15)  showed  a  considerable  drop  in  the  oxygen  unsat- 
uration which  went  down  to  the  upper  normal  limit.  However,  an 
increase  appeared  again  and  the  incompensation  seemed  to  be  grow- 
ing. Digitalis  treatment  was  therefore  instituted  (August  22).  2  days 
later  a  sudden  drop  occurred  in  the  oxygen  unsaturation,  almost  iden- 
tical with  what  was  seen  at  the  time  of  the  first  digitalis  treatment. 
The  clinical  condition  now  improved  rapidly.  On  August  25  it  was 
impossible  to  decide  whether  she  was  incompensated  or  not,  and  4 
days  later  she  was  again  in  full  cHnical  compensation.  On  August 
24  and  25  the  same  condition  was  encountered  as  at  her  admission: 
normal  oxygen  unsaturation  despite  incompensation.  However,  as 
can  be  seen  from  the  table,  the  clinical  incompensation  is  rapidly  dis- 
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appearing.  On  August  26  the  digitalis  dose  was  decreased  to  0.1 
gm.  a  day,  instead  of  0.5  gm.  For  10  days  she  felt  well  and  was 
compensated  in  rest.  On  September  10  she  began  to  feel  uneasy 
again.  Her  pulse  rate  and  pulse  deficit  increased,  and  signs  of  in- 
compensation  appeared.  The  digitalis  was  stopped  September  1 1 
for  a  week.  Her  clinical  condition  grew  rapidly  worse  and  on  Sep- 
tember 12  she  was  again  incompensated.  Corresponding  to  the 
change  in  the  clinical  sjTnptoms,  a  sudden  large  increase  appeared 
in  the  oxygen  unsaturation,  which  by  September  10  was  10  volume 
per  cent  and  on  September  11,  12.8,  which  is  far  above  the  upper 
normal  limit.  The  oxygen  determinations  had  to  be  stopped  at  that 
time.  A  week  later  she  was  given'  digipuratum  in  larger  doses,  0.5 
gm.  a  day,  and  the  symptoms  of  incompensation  disappeared  again. 
The  oxygen  determinations  in  this  patient  show:  (1)  that  normal 
values  for  the  oxygen  unsaturation  of  the  venous  blood  may  be 
found  with  rales  in  the  lungs;  (2)  that  normal  oxygen  unsaturation 
may  be  associated  with  full  incompensation  but  improving  clinical 
condition;  (3)  that  an  increase  in  the  oxygen  unsaturation  to  above 
the  upper  normal  limit  may  precede  the  clinical  symptoms  of  in- 
compensation; (4)  the  results  suggest  the  o.xygen  unsaturation  as  an 
indicator  of  the  action  of  digitalis;'  (5)  great  variations  in  the  oxygen 
unsaturation  are  met  with  in  this  patient,  as  in  previous  fibrillators. 

Case  5  (Table  V,  Text-Fig.  5). — D.,  male,  paper  maker;  age  31  years.  Ad- 
mitted February  9,  1917.     Discharged  May  5. 

Readmitted  June   19.     Discharged  July  25. 

Readmitted  August  22.    Discharged  October  2. 

Diagnosis. — Mitral  stenosis  and  insufhciency;  auricular  fibrillation;  diabetes 
mellitus;  slight  chronic  interstitial  nephritis. 

Previous  History,  Symptoms,  etc. — Shortness  of  breath  for  3  years  before  his 
admission  to  this  hospital.  At  9  years  of  age  he  had  rheumatic  fever  without 
heart  symptoms.  Denies  lues.  After  the  heart  symptoms  had  first  started  4 
years  ago  they  grew  continuously  worse.  Besides  shortness  of  breath  and  pal- 
pitation he  often  had  swelling  of  the  lower  extremities.  He  has  been  admitted 
to  the  hospital  several  times  (four)  in  an  incompensated  condition  and  every 
time  it  has  been  more  difficult,  and  taken  longer  to  obtain  compensation.    Be- 

'The  relation  of  the  pulse  rate  and  pulse  deficit  to  the  oxygen  unsaturation 
suggests  indirectly  the  same  thing. 
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sides  his  heart  disease  he  had  a  mild,  not  progressive  diabetes  and  slight  chronic 
interstitial  nephritis. 

Physical  Examination. — The  local  physical  signs  of  heart  disease  remained 
constant.  At  the  first  admission  he  had  a  considerable  enlargement  of  the  heart 
dullness  15.5  cm.  to  the  right  of  the  middle  lineof  the  sternum  and  17.5  cm.  to  the 
left  in  the  fifth  intercostal  space.  No  thrill.  The  x-ray  picture  showed  corre- 
sponding enlargement  of  the  heart  shadow.  At  the  ape.x  a  systolic  and  a  dias- 
tolic murmur  were  heard.  A  systolic  murmur  was  heard  at  the  bases  and  the  pul- 
monic second  sound  was  accentuated.  The  pulse  was  irregular.  The  electro- 
cardiogram showed  arrhythmia  perpetua.  Blood  pressure:  systolic  180;  dias- 
tolic 140.  Wassemiann  test  negative.  In  urine  a  trace  of  albumin,  hyaline,  and 
granular  casts.  Blood  urea  normal.  Index  of  urea  excretion  fairly  normal;  now 
and  then  somewhat  diminished.  On  ordinary  mixed  diet  he  would  show  sugar 
in  the  urine  and  about  0.20  per  cent  sugar  in  blood. 

Treatment. — He  was  treated  with  digipuratum,  antidiabetic  and  salt-free  diet. 
Until  he  was  absolutely  compensated  he  was  confined  to  bed.  Now  and  then 
he  had  a  slight  increase  of  temperature  (100-100.5°F.). 

Forty-eight  determinations  of  the  o.xygen  unsaturation  were  done 
at  three  different  periods,  at  the  three  successive  admissions. 

Period  I. — Two  determinations  were  done  (February  17  and 
March  8).  He  had  at  that  time  been  treated  and  the  symptoms  of 
incompensation  had  disappeared  and  he  was  fully  compensated  at 
rest.     The  values  were  normal  (4  and  5  volume  per  cent). 

Period  II. — On  June  19  he  was  readmitted  to  the  hospital  in  a 
severely  incompensated  condition  (dyspnea,  cyanosis,  distended 
veins,  swelling  of  liver,  and  edema,  as  shown  in  Table  V).  Some 
rales  were  heard  at  the  base  of  the  lungs  at  that  time.  The  tem- 
perature was  slightly  increased  (100-102°  F.)  on  the  iirst  2  days; 
later  normal .  The  determinations  of  the  oxygen  unsaturation  showed 
considerably  increased  values.  The  first  eight  (the  1st  week  in  the 
hospital)  are  all  above  the  upper  normal  limit.  He  was  at  that 
time  incompensated  but  improving.  At  the  time  of  the  first  seven 
determinations  (Nos.  3  to  9)  moist  rales  were  heard  at  the  base  of 
both  the  lungs.  At  the  time  of  the  eighth  determination  (No.  10) 
his  lungs  were  clear.  No  difference  is  seen  in  the  value  for  the 
oxygen  unsaturation.  The  next  four  determinations  (Nos.  11  to 
14)  show  varv-ing  values — two  above  and  two  below  the  upper  nor- 
mal limit.  A  question  mark  on  the  diagram  indicates  that  it  was 
difiicult  to  decide  whether  the  patient  was  clinically  compensated  or 
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not.  On  July  2  (determination  15)  a  period  of  clinical  compensation 
at  rest  began.  The  values  for  the  oxygen  unsaturation  show  wide 
variations.  Most  of  them  are  within  the  normal  limits;  a  consid- 
erable number,  however,  are  above  the  upper  normal  extreme.  Upon 
the  whole  the  values  for  the  ox}'gen  unsaturation  are  becoming  lower 
and  lower  and  there  is  a  greater  tendency  to  variations  during  the 
compensated  than  during  the  severely  incompensated  period.  A 
line  on  the  chagram  shows  the  digitahs  treatment  (about  0.5  gm.  of 
digipuratum  a  day  from  June  24  to  July  3).  It  can  be  seen  from  the 
table  that  the  edema  decreased  rapidly  before  the  severity  of  the 
other  symptoms  of  incompensation  lessened.  The  same  has  been 
seen  in  other  instances. 

Period  III. — A  month  later  he  was  readmitted  to  the  hospital. 
He  had  then  for  a  week  been  in  a  condition  of  rapidly  increasing 
incompensation  which  on  admission  was  more  severe  than  before. 
He  was  much  more  dyspneic  and  very  cyanotic.  The  veins  of  the 
neck  and  arms  were  greatly  distended  and  the  edge  of  the  liver  was 
felt  10  cm.  below  the  costal  curvature  in  the  nipple  hne.  Heavy 
edema  was  noticed  extending  up  his  legs  over  tlie  hips.  The  diuresis 
was  small  and  he  felt  much  distress.  He  was  confined  to  bed 
and  treated  first  with  milk  (800  cc.  a  day)  for  a  week  and  later 
with  salt-free  diet  (1,500  to  2,000  calories).  From  August  24  to  28 
he  had  in  all  3.4  gm.  of  digipuratum.  It  was  then  stopped  on  account 
of  extrasystoles.''  From  September  1  to  3  he  had  3  gm.  of  diuretin. 
The  incompensated  stage  lasted  this  time  longer  than  before  (from 
August  22  to  September  8).  Seventeen  determinations  were  done  in 
this  period.  The  first  nine  were  all  above  the  upper  normal  limit, 
occupying  a  rather  limited  space.  The  next  ten  were  extremely 
variable,  some  of  them  going  a  httle  below  the  upper  normal  line; 
most  of  them,  however,  were  far  above. 

His  condition  was  only  very  slowly  improving  (Table  V)  until 
September  7  when  a  marked  change  took  place.     After  2  or  3  days 

'  The  extrasystoles  occurred  regularly  alternating  with  the  ordinary  ventric- 
ular beats.  Only  every  other  ventricular  contraction  was  felt  at  the  wrist. 
The  apex  rale  was  160,  the  radial  rate  80  (August  28,  determination  37).  The 
peculiar  condition  of  the  heart  rhythm  does  not  seem  to  have  had  any  influence 
on  the  oxygen  unsaturation  of  the  venous  blood  (see  Table  V  and  Text-fig.  5). 


reb.  Mar  June,  1917  July  Aug  5ept 
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'I'ext-Fig.  S.    Oxygen  unsaturatioii  of  venous  ann  blood.     Case  of  uiitral  stenosis  and  insu/Ticiency;  auricular  fibrillation. 
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he  became  absolutely  compensated  at  rest  and  felt  extremely  well. 
On  the  same  date  a  considerable  drop  occurred  in  the  oxygen  un- 
saturation,  which  in  the  5  following  days  (the  last  four  determina- 
tions) was  within  normal  limits.  The  oxygen  determinations  were 
stopped  September  11.  The  patient  was  discharged  October  2.  He 
felt  well  and  was  clinically  compensated.  It  will  be  seen  from  the 
table  that  rales  were  heard  in  the  lungs  from  his  admission  (August 
22)  to  September  6  (determination  44).  From  September  7  his  lungs 
were  clear.  The  first  4  days  of  his  third  admission  he  ran  some 
temperature  (100-101°  F.).  Thereafter  his  temperature  was  normal. 
The  values  for  the  oxygen  unsaturation  in  this  patient  agree  as 
a  whole  with  those  previously  found  in  patients  with  incompensated 
heart  disease  and  auricular  fibrillation.  We  can  distinguish  three 
periods  in  the  course  of  the  disease:  (1)  A  period  of  severe  in- 
compensation.  The  values  for  the  oxygen  unsaturation  are  prac- 
tically all  above  the  upper  normal  limit,  varying  only  to  a  mod- 
erate degree.  (2)  A  transitory  period  where  the  symptoms'  of  incom- 
pensation  are  disappearing  or  doubtful.  In  this  period  the  values 
for  the  oxygen  unsaturation  are  extremely  variable,  some  above  and 
some  below  the  upper  normal  limit.  (3)  A  period  of  clinical  compen- 
sation at  rest  in  which  the  oxygen  unsaturation  as  a  whole  has  a 
tendency  to  fall  within  the  normal  limits.  Now  and  then,  however, 
as  seen  in  Patient  5,  Paper  III,  the  unsaturation  exceeds  the  upper 
normal  limit,  a  condition  which  never  has  been  observed  in  com- 
pensated non-fibrillators. 

DISCUSSION. 

Relation  of  Oxygen  Unsaturation  to  Clinical  Symptoms. — As  a 
whole,  it  can  be  said  that  the  determinations  of  the  oxygen  unsat- 
uration in  the  venous  arm  blood  are  of  value  in  the  diagnosis  and 
treatment  of  patients  with  symptoms  of  circulatory  disturbances. 
There  is  undoubtedly  a  close  relation  between  the  extent  of  the 
oxygen  unsaturation  and  the  clinical  condition  of  the  patients.  As  a 
whole,  we  have  seen  that  the  oxygen  unsaturation  in  patients  with 
compensated  heart  disturbances  has  values  within  the  limits  found 
in  normal  individuals,  whereas  patients  with  incompensated  heart 
lesions  show  values  above  the  upper  normal  extreme. 
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In  patients  in  whom  the  incompensated  condition  of  the  circula- 
tion is  decidedly  impro\dng  we  may  find  normal  values  for  the  oxygen 
unsaturation  preceding  the  compensated  stage,  and  we  have  seen  an 
increase  in  the  oxygen  unsaturation  to  above  the  upper  normal  hmit 
occur  where  incompensation  was  developing,  but  not  yet  cUnically 
distinct. 

In  patients  with  auricular  fibrillation  the  oxygen  unsaturation  may 
oscillate  widely  and  show  on  some  days  values  above  the  normal 
maximum,  even  when  no  incompensation  is  developing. 

It  is  seen  from  the  tables  that  the  different  clinical  symptoms 
of  incompensation  difi'er  in  their  relation  to  the  oxygen  unsaturation. 
Cyanosis  and  swelhng  of  the  superficial  veins  are  closely  related. 
Dyspnea  appears  to  be  usually  accompanied  in  heart  patients  by  in- 
creased oxygen  unsaturation,  but  it  is  of  course  known  also  to  occur 
in  conditions,  such  as  acidosis,  in  which  the  circulation  is  probably 
not  retained.  Edema  seems  to  be  to  a  great  extent  dependent  upon 
special  cases.  It  was  usually  possible  to  decrease  the  edema  materi- 
ally by  the  diet  (salt-free)  without  interfering  with  the  other  symp- 
toms and  without  causing  any  change  in  the  oxygen  unsaturation. 

Oxygen  Unsaluratmn  and  Blood  Flow. — An  attempt  to  calculate 
the  rate  of  circulation  (the  minute  volume  of  the  heart)  from  the  data 
obtained  by  the  oxygen  determination  is  not  yet  justified.  Several 
facts,  however,  suggest  that  variations  in  the  output  from  the  heart 
have  been  by  far  the  most  important  cause  for  the  variations  in  the 
oxygen  unsaturation  in  the  patients.  In  Papers  II  and  III  a  com- 
parison was  drawn  between  the  directly  determined  oxygen  unsat- 
uration and  the  values  for  the  oxygen  consumption'"  calculated  from 
blood  flow  determinations  by  means  of  Krogh  and  Lindhard's  nitrous 
oxide  method  (5).  A  close  parallehsm  was  found,  as  far  as  the 
compensated  patients  were  concerned, — even  the  peculiarities  in  the 
fibrillators  were  encountered  by  both  methods.  A  similar  close 
agreement  is  seen  in  patients  with  incompensated  circulatory  dis- 
turbance. Text-fig.  6,  a,  b,  and  c  represents  the  calculated  oxygen 
consumption  in  three  patients  with  incompensation.  It  will  be 
seen  that  all  the  values  thus  calculated  on  incompensated  patients 

'"The  difference  between  oxygen  unsaturation  and  oxygen  consumption  is 
defined  in  Paper  II. 
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Text- Fig.  6,  a,  b,  and  c  (a).  Case  of  aortic  insufficiency  and  stenosis;  mitral 
insufficiency;  incompensated."  Oxygen  consumption  calculated  from  blood  flow 
(minute  volume)  determinations  with  Krogh  and  Lindhard's  nitrous  oxide  method. 
The  normal  average  and  the  normal  extremes  for  o.xygen  unsaturation  are 
indicated. 

(b)  Case  of  aortic  and  mitral  insufficiency  and  stenosis;  auricular  fibrillation.'^ 
Oxygen  consumption  calculated  from  blood  flow  (minute  volume)  determina- 
tions with  Krogh   and  Lindhard's  nitrous  o.xide  method. 

(c)  Case  of  mitral  stenosis  and  insufficiency;  auricular  fibriUation;  incompen- 
sated.'' O.xygen  consumption  calculated  from  blood  flow  (minute  volume) 
determinations  with  Krogh  and  Lindhard's  nitrous  o.xide  method. 


"  Patient  8,  Lundsgaard  (5),  p.  537. 
'2  Patient  2,  Lundsgaard  (5),  p.  52  L 
"Patient  3,  Lundsgaard  (5),  p.  524. 
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by  tlie  Krogh  and  Lindhard  method  are  above  the  upper  limit  for  the 
directly  determined  oxygen  unsaturation  in  normal  subjects.  The 
patients  in  Text-fig.  6,  b  and  c  (Krogh  and  Lindhard's  method)  were 
fibrillators.  The  patient  in  Text-fig.  6,  c,  shows  extremely  variable 
values,  but  they  are  all  above  the  upper  normal  limit.  She  was  at  the 
time  of  the  determination  in  a  continuously  incompensated  stage. 

It  seems,  therefore,  justifiable  to  expect  that  further  investigations 
of  the  oxygen  unsaturation  in  patients  with  different  forms  of  circu- 
latory and  pulmonic  disturbances  may  give  us  sufficient  data  to  allow 
a  conclusion  concerning  the  relation  of  the  oxygen  unsaturation  to 
the  circulation. 

The  results  on  fibrillators  suggest  strongly  that  there  is  a  qualitative 
difference  in  the  dynamic  pathogenesis  of  the  heart  failure  in  patients 
with  normal  rhythm  of  the  heart  and  in  patients  with  abnormal 
rhythm.  This  has  been  previously  pointed  out  and  discussed  by  the 
writer.'* 

Oxygen  Unsaluralion  and  Digitalis  Action. — It  seems  promising  to 
apply  the  oxygen  determination  to  the  study  of  the  action  of  drugs, 
particularly  digitalis,  in  the  circulation.  Cohn  and  Fraser  have 
shown  (6)  that  digitalis  in  a  certain  quantity  will  alter  the  T  wave 
in  the  ventricular  complex  of  the  electrocardiogram,  and  have  given 
us  a  valuable  means  of  detecting  the  appearance  of  the  local  action  of 
digitalis.  The  relation  of  the  oxygen  unsaturation  to  the  digitalis 
treatment  in  the  case  reported  here  seems  to  indicate  that  the  de- 
termination of  the  blood  oxygen  may  be  used  as  an  indicator  of  the 
appearance  of  the  effect  of  digitalis  on  the  circulation  as  a  whole. 


1.  A  report  is  made  of  103  determinations  of  the  o.xygen  unsat- 
uration of  the  venous  blood  of  five  patients  with  incompensated  heart 
diseases. 

2.  Values  for  the  oxygen  unsaturation  within  normal  limits  were 
found  only  under  two  circumstances:  (a)  in  a  stage  of  full  compensa- 
tion, and  {b)  in  a  stage  of  incompensation  where  the  symptoms  were 
rapidly  lessening. 

"  Lundsgaard  (.S).  pp.  549-560. 
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3.  Values  above  the  upper  normal  extreme  were  met  with  under 
three  circumstances:  (a)  during  incompensation,  (b)  during  com- 
pensation just  before  the  clinical  symptoms  of  incompensation  had 
developed,  and  (c)  at  times  in  patients  with  auricular  fibrillations  in  a 
condition  of  complete  and  stable  compensation. 

4.  A  comparison  has  been  drawn  between  the  directly  found  value 
for  the  oxygen  unsaturation  and  the  values  for  the  oxygen  consump- 
tion calculated  from  previous  experiments  by  the  writer  on  the  blood 
flow  (minute  volume  of  the  heart),  in  patients  with  similar  clinical 
conditions.     A  close  agreement  existed. 

5.  It  seems  probable  from  our  experience  with  patients  under 
digitalis  therapy  that  the  oxygen  unsaturation  affords  an  objective 
criterion  of  the  positive  effect  of  the  therapy. 
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THE  FACTORS  CONCERNED  IN  THE  APPEARANCE  OF 
NUCLEATED  RED  BLOOD  CORPUSCLES  IN 
THE  PERIPHERAL  BLOOD. 

I.  Influence  of  Procedures  Designed  to  Increase  the  Rate  of 

Blood  Flow  through  the  Blood-Forming  Organs — 

Exercise  and  Nerve  Section. 

By  CECIL  K.  DRINKER,  M.D.,  KATHERINE  R.  DRINKER,  M.D.,  and  HENRY 

A.  kreutzmann,  m.d. 

(From  the  Laboratory  of  Physiology  of  the  Harvard  Medical  School,  Boston.) 

Plate  7. 

(Received  for  publication,  Sep' ember  14,  1917.) 

During  the  winter  of  1915-16,  while  developing  a  method  for  iso- 
lating the  circulation  through  the  tibia  of  the  dog  (1),  two  of  us  be- 
came interested  in  the  active  vasomotor  control  which  the  vessels 
of  the  marrow  were  shown  to  possess.  At  this  time  we  undertook  to 
determine  what  factors  of  coagulation  (2)  arose  in  the  bone  marrow, 
and  in  order  not  to  complicate  conditions  physiological  salt  solution, 
Ringer's  solution,  and  physiological  salt  solution  containing  small 
amounts  of  sodiimi  oxalate  were  used  as  perfusion  fluids.  These 
solutions  were  deUvered  to  the  bone  by  means  of  a  simple  constant 
pressure  apparatus  and  though  usually  oxygenated  as  thoroughly  as  is 
possible  with  such  fluids,  still  it  must  be  considered  that  they  were 
relatively  oxygen-free.  Under  the  conditions  of  the  experiments  it 
was  found  at  once  that  various  characteristic  marrow  cells  appeared 
in  the  efiiuent.  Thus,  nucleated  red  blood  corpuscles,  occasional  mye- 
locytes, and  even  at  times  megakaryocytes  could  be  identified.  Our 
attention  was  directed  to  the  question  of  cellular  egress  by  the  obser- 
vation that  vasoconstriction,  produced  by  the  addition  of  small 
amounts  of  adrenin  to  the  perfusing  fluid,  resulted  in  instant  diminu- 
tion of  the  number  of  cells  leaving  the  marrow,  and  with  the  charac- 
teristic vasodilatation  which  concludes  the  reaction  a  large  increase  in 
the  number  of  cells  was  noted.     These  findings  paralleled  those  made 

249 


250  NUCLEATED   RED    BLOOD   CORPUSCLES.      I 

frequently  in  studies  of  the  cellular  composition  of  blood  taken  from 
the  rabbit's  ear  during  extreme  vasoconstriction  and  during  the  suc- 
ceeding vasodilatation.  A  difference  existed,  however,  in  the  fact 
that  in  this  case  the  vasoconstriction  prevented  the  movement  of 
cells  from  their  place  of  origin,  and  this  at  once  suggested  the  possi- 
bihty  that  in  the  marrow  there  existed  a  formative  tissue  with  a  cel- 
lular product,  and  that  the  appearance  of  this  product,  the  develop- 
ment of  leukocytosis,  or  the  appearance  of  nucleated  red  cells  in  the 
peripheral  blood,  depended  to  some  extent  on  control  e.xerted  by  these 
vasomotor  nerves.  This  supposition  has  been  found  to  be  question- 
able but  has  been  deemed  worthy  of  mention  as  it  has  given  the  basis 
for  our  attack  upon  the  problem  in  hand,  since  if  vasomotor  nerves 
controlled  the  output  of  cells  from  the  bone  marrow  they  must  accom- 
plish this  result  by  increasing  and  decreasing  the  blood  flow  through 
the  tissue,  this  being  their  only  conceivable  function.  Our  experi- 
ments have  indicated  nothing  distinctive  in  regard  to  the  vasomotor 
arrangements  in  the  marrow  vessels,  nor  do  the  anatomical  investi- 
gations of  Ottolenghi  (3)  indicate  possibilities  other  than  those  ordi- 
narily premised  in  considerations  of  vasomotor  reactions. 

Increasing  experience  with  the  isolated  bone  marrow  circulation 
made  it  evident  that  it  would  be  possible,  making  use  of  appropriate 
perfusion  apparatus  (4)  and  using  hirudinized  blood,  to  circulate  the 
tibial  marrow  thoroughly  and  with  rates  of  flow  which  could  be  pro- 
vided exactly.  This  work  has  been  pushed  forward  and  has  been 
controlled  by  every  means  at  our  command  since  at  best  it  involved 
radical  experimental  procedures.  Our  attention  has  been  focussed 
upon  the  nucleated  red  corpuscles  and  our  first  presentations  will 
deal  almost  entirely  with  the  appearance  of  these  cells  in  the 
peripheral  blood. 

It  was,  as  has  been  said,  our  idea  that  increased  and  decreased 
blood  flow  might  have  something  to  do  with  cellular  retention  and 
extrusion  by  the  bone  marrow.  Some  ground  existed  for  this 
belief.  Thus,  the  leukocytosis  of  exercise  is  a  common  observation 
and  crises  of  normoblasts  in  various  anemias  have  been  ascribed 
to  circulatory  phenomena  in  the  marrow.  In  the  perfusion  experi- 
ments there  existed  a  method  for  instant  increase  and  decrease  of 
blood  flow  through  the  marrow.     What  measures  could  be  adopted 
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to  achieve  similar  and  therefore  controlling  results  in  the  intact  ani- 
mal? Two  of  these  are  discussed  in  this  p;.per;  namely,  exercise  and 
section  of  the  vasomotor  supply  to  the  four  limbs.  These  proced- 
ures have  been  carried  out  in  normal  animals  and  in  animals  rendered 
anemic  and  hyperplastic  as  to  their  blood-furming  tissue  by  repeated 
hemorrhages.  Hemorrhage  and  immediate  saline  infusion  gave  the 
third  method  for  dealing  with  the  problem.  It  would  seem  that 
nothing  could  be  added  to  the  hterature  of  this  last  measure;  yet  no 
accurate  studies  exist  of  the  time  of  appearance  of  nucleated  red 
cells  after  hemorrhage  and  infusion,  nor  has  the  relation  of  the  reac- 
tion to  preexisting  hj^perplasia  been  studied.  It  has  in  the  past  been 
impossible  to  measure  the  extent  to  which  blood  flow  through  the 
marrow  is  increased  by  blood  dilution  after  hemorrhage.  This  has 
been  readily  accomplished  by  means  of  the  isolated  marrow  prepara- 
tion. A  later  paper  will  present  the  results  of  these  experiments 
together  with  a  review  of  former  work  upon  this  phase  of  the  subject. 
We  shall  give  a  brief  review  of  the  conditions  under  which  nucle- 
ated red  corpuscles  are  found  in  the  peripheral  blood,  with  a  discus- 
sion of  the  marrow  hyperplasias  in  which  nucleated  red  cells  do  not 
enter  the  circulation.  In  most  instances  organs  delivering  a  secre- 
tion must  pass  it  through  a  definite  channel.  Once  formed,  this  se- 
cretion can  be  made  usable  only  after  passage  down  a  duct.  In  the 
bone  marrow,  while  it  seems  possible  to  localize  clearly  erythrogenic 
groups,  it  has  been  impossible  to  follow  the  physiological  act  of  the 
delivery  into  the  circulation  of  young  or  adult  cells.  The  character 
of  the  sinusoidal  spaces  into  which  these  cells  must  pass  is  not  thor- 
oughly understood.  Van  der  Stricht  (5),  Dominici  (6),  and  Brincker- 
hoff  and  Tyzzer  (7),  as  a  result  of  examinations  of  the  marrow  struc- 
ture in  the  rabbit,  believe  that  in  this  mammal  the  endothelial  walls 
of  the  sinusoidal  spaces  are  incomplete  and  that  the  circulation  con- 
sequently wanders  freely  among  the  marrow  cells.  It  would  seem 
physiologically  impossible  to  keep  such  a  tissue  intact  were  it  not  pro- 
tected against  changes  in  circulatory  rate  with  extraordinary  effi- 
ciency. This  last  condition  does  not  exist,  for  we  have  found  it  pos- 
sible to  increase  rate  and  volume  of  flow  to  an  extreme  degree  without 
dislocating  marrow  cells.  It  is  impossible  to  report  fully  as  yet  upon 
the  injected  marrow,  but  all  our  preparations  indicate  complete  vas- 
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cular  integrity  in  the  marrow  of  the  dog.  If  this  is  the  case,  all  the 
circulating  erythrocytes  in  this  animal  must  at  some  stage  in  their 
de\-elopment  pass  through  a  memxbrane. 

Unfortunately  there  is  no  deiinite  histological  knowledge  upon  the 
marrow  circulation  in  the  dog  or  in  man.  One  is  inclined  to  believe 
that  the  facts  in  regard  to  the  marrow  vessels  can  be  obtained  only 
by  careful  injections,  and  yet  even  the  studies  upon  the  rabbit, 
which  have  been  accepted  as  picturing  the  typical  vascular  arrange- 
ment in  the  mammal,  have  not  been  made  by  this  method.  It  is 
obvious,  therefore,  that  without  definite  knowledge  of  the  moves 
which  nucleated  red  cells  must  make  to  reach  the  blood  stream  no 
final  division  can  be  made  of  the  conditions  under  which  they  appear. 
The  following  classification  of  nucleated  red  cell  appearance  is,  there- 
fore, based  merely  upon  the  most  significant  circumstances  which 
seem  to  attend  extrusion. 

Nucleated  Red  Cells  from  Non-Hyper  plastic  Marrow  under  the  Influence 
of  Certain  Poisons. 

Ricin  and  Saponin. — In  several  papers  Bunting  (8)  has  given  the 
blood  picture  and  marrow  condition  in  rabbits  poisoned  by  saponin 
and  ricin.  With  the  former  particularly,  nucleated  red  cells  appear 
within  5|  hours, — before  anemia  is  pronounced.  They  do  not  make 
their  appearance  until  anemia  has  been  produced,  however,  unless 
there  is  definite  marrow  vessel  injury  evidenced  by  hemorrhages  into 
the  tissue  substance. 

While  nucleated  red  cells  are  found  in  the  blood  stream  in  chronic 
arsenic  poisoning,  phosphorus,  chloroform,  mercury,  and  benzene  poi- 
soning, their  appearance  is  not  accompanied  by  the  acute  changes 
emphasized  in  the  case  of  the  two  substances  first  mentioned.  As  far 
as  we  can  find  it  reported,  nucleated  red  cell  appearance  in  chronic  or 
acute  poisoning  with  any  of  the  latter  group  occurs  in  the  presence  of 
anemia  and  may  be  considered  due  to  the  anemia  and  not  to  endo- 
thelial destruction  or  to  breakdown  of  the  actual  marrow  stroma. 

Appearance  of  Nucleated  Red  Cells  in  Relation  to  Certain  Leukocytic 
Reactions. — Ewing  (9)  mentions  that  fact  that  "severe  leukocytosis  in 
children  or  even  in  adults  may  draw  a  few  normoblasts  into  the  cir- 
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dilation."  Roger  and  Josue  (10)  found  congestion  and  hyperplasia 
in  the  marrow  48  hours  after  the  injectiorv  of  Staphylococcus  aureus 
into  rabbits.  At  this  time  hyperplasia  affected  the  nucleated  red 
cells  and  it  was  not  until  later  that  myelocytic  increase  was  prominent. 
Rieder  (11)  found  nucleated  red  cells  accompanying  leukocytosis  some 
time  after  bacterial  injections.  Sherrington  (12)  reports  the  same 
findings  during  high  leukocytosis  induced  by  sterile  irritation  of  the 
skin  and  peritoneum.  Moramtz  (13)  has  held  that  the  tendency  of 
nucleated  red  cells  to  appear  with  posthemorrhagic  leukocytosis  argues 
against  the  fact  that  oxygen  lack  is  the  stimulus  causing  marrow 
h3'perplasia  after  hemorrhage.  Since  there  is  no  sjmchronism  be- 
tween the  development  of  this  particular  leukocytosis  and  blast 
appearance  his  argument  becomes  of  little  value.  Apparently  any 
stimulus  which  causes  intense  hyperplasia  of  either  group  of  marrow 
cells  will  result  in  extrusion  of  a  few  members  of  the  other  variety, 
possibly  as  a  result  of  growth  pressure  alone.  We  must  realize  that 
growth  in  an  enclosed  space  demands  room  and  that  the  blood  spaces, 
the  marrow  sinusoids,  offer  the  most  yielding  means  of  egress.  Timo- 
fejewsky  (14)  injected  dogs  and  rabbits  intravenously  with  large 
amounts  of  septic  material  and  within  1 1  minutes  found  many  normo- 
blasts in  the  circulating  blood,  these  cells  appearing  in  the  presence 
of  the  leukopenia  which  immediately  followed  the  injection.  Maximum 
numbers  of  normoblasts  were  found  2  hours  after  injection.  Twenty- 
nine  experiments  on  dogs  and  rabbits  are  found  in  this  series.  In  all 
cases  the  animals  were  injected  suddenly  with  large  amounts  of  ex- 
ceedingly putrid  material,  and  while  the  interpretation  is  not  one  for 
which  definite  assurance  can  be  given,  since  examinations  of  the  mar- 
row were  not  made,  one  is  inclined  to  beheve  that  large  injections  of 
toxic  substance  may  act  like  saponin  and  ricin,  causing  acute  degen- 
erations of  the  marrow. 

Careful  discrimination  must  always  be  made  between  the  condi- 
tions governing  acute  blast  extrusion  in  the  cases  just  discussed  and 
those  which  may  readily  develop  in  the  course  of  severe  infections. 
Thus,  acute  rheumatic  fever  may  be  attended  by  severe  anemia, 
moderate  leukocytosis,  and  the  appearance  of  nonnoblasts  in  the  cir- 
culation. But  in  this  case  there  exists  merely  another  instance  of 
normoblast  appearance  in  secondary  anemia. 
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Nucleated  Red  Cells  in  Anemias. 

Secondary  Anemia. — That  nucleated  red  cells  enter  the  blood  stream 
after  single  large  hemorrhages  or  after  repeated  small  ones  has  .long 
been  known.  We  shall  at  a  later  date  present  more  accurate  data 
upon  the  time  of  appearance  of  these  cells,  alterations  in  this  time 
caused  by  repeated  bleedings  wdth  resulting  marrow  hyperplasia,  and 
other  features  of  the  reaction.  Hemorrhage  and  resulting  anemia 
will  not  dislocate  nucleated  red  cells  immediately,  as  the  injections  of 
saponin  and  putrid  material  will.  There  is  a  latent  period,  usually 
of  several  days,  before  one  can  be  sure  that  the  cells  found  have  really 
left  the  marrow  and  have  not  been  in  the  circulation  before  the 
bleeding. 

Primary  Pernicious  Anemia  and  Chlorosis. — In  these  diseases  blast 
appearance  is  irregular  and  there  seems  but  one  fixed  feature  in 
it;  namely,  that  crises,  first  emphasized  by  von  Noorden  (15)  and  by 
Neudorfer  (16),  precede  periods  of  increased  red  count  and  physical 
betterment.  In  aplastic  pernicious  anemias  no  nucleated  red  cells 
occur;  in  other  cases  they  may  be  extremely  few  and  yet  at  autopsy  an 
intensely  hyperplastic  marrow  may  be  found.  Blast  appearance  in 
anemias  is  ordinarily  the  expression  of  a  vigorous  effort  to  regain  a 
lost  position.  The  loss  of  these  young  forms  into  the  circulation  is, 
however,  an  expense  and  simply  indicates  an  advantageous  marrow 
reaction  without  being  advantageous  in  itself.  Stockard  (17)  has 
emphasized  the  fact  that  red  cell  formation  demands  a  characteris- 
tic setting  whether  in  bone  marrow,  liver,  or  spleen,  and  we  shall 
show  in  a  later  paper  how  thoroughly  the  organism  is  protected 
against  the  loss  of  young  forms  from  the  marrow  even  in  the  presence 
of  extreme  hyperplasia.  Hyperplasia  alone  then  will  not  cause 
nucleated  red  cell  extrusion,  and  this  introduces  another  set  of  condi- 
tions which  must  be  considered. 

Nucleated  Red  Cells  in  Conditions  Not  Preceded  by  Blood  Loss,  Producing 
Hyperplasia  and  Polycythemia. 

We  need  review  only  the  literature  of  polycythemia  and  low  barometric 
pressure  in  which  examinations  for-  blasts  have  been  made.  Zuntz,  Loewy, 
Miiller,  and  Caspari  (18)  made  careful  observations  of  their  own  blood  and  of 
the  blood  of  animals  in  their  Alpine  expedition.     With  the  exception  of  some  ob- 
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servations  of  Miiller's  which  merit  specific  discussion,  they  never  found  normo- 
blasts, though  polycythemia  occurred  promptly  and  characteristically.  Simi- 
larly Douglas,  Haldane,  Henderson,  and  Schneider(19)  in  the  Pike's  Peak  expe- 
dition mention  no  nucleated  red  cells,  though  polycythemia  was  pronounced. 

Lastly,  Loevenhart  and  his  collaborators  (20)  have  made  accurate  exam- 
inations of  the  eflects  of  low  partial  pressures  of  oxygen  with  normal  and 
with  reduced  barometric  pressures.  They  obtained  polycythemia  together  with 
marked  marrow  hyperplasia  "Blood  smears  from  animals  showing  increased 
blood  counts  after  exposure  to  atmospheres  poor  in  oxygen  when  stained  with 
Jenner  stain  show  a  number  of  basophilic  erythrocytes.  This  staining  reaction  is 
characteristic  of  newly  formed  erythrocj-tes."  There  is  no  mention  of  appear- 
ance of  undoubted  young  forms,  normoblasts  or  megaloblasts.  Loevenhart's 
experiments  made  use  principally  of  rabbits.  It  is  worth  mentioning  at  this  time 
that  these  animals  show  normoblasts  in  secondary  anemia  produced  by  large 
hemorrhages  much  less  easily  than  do  dogs.  One  dog  only  appears  in  the  series 
in  question  and  there  is  no  special  note  upon  this  particular  feature  of  the  blood 
picture. 

Among  other  experiments  carried  out  at  low  barometric  pressure  we  may  men- 
tion first  those  of  Gaule  (21).  This  investigator  made  observations  upon  blood 
films  in  two  balloon  ascensions.  The  elevation  reached  was  not  great — 4,200 
meters  at  most — so  that  the  immediate  effect  of  oxygen  lack,  if  this  is  the  stimulus 
of  high  altitude,  could  not  have  been  intensely  acute.  Yet  he  reports  blood  films 
loaded  with  normoblasts  and  publishes  photomicrographs  to  illustrate  this  fact. 
We  are  inclined  with  Zuntz  (18)  to  regard  the  evidence  presented  by  these  photo- 
micrographs as  due  to  artefacts  and  question  the  results  emphatically.  Schau- 
man  and  Rosenqvisl  (22),  however,  in  a  series  of  experiments  in  which  they  re- 
duced pressure  suddenly  in  a  large  bell  glass  under  which  animals  could  be  kept, 
an  apparatus  lacking,  it  is  true,  most  of  the  refinements  with  which  Loevenhart 
safeguarded  his  more  thorough  experiments,  were  able  in  a  few  cases  to  obtain 
evidence  of  sudden  blast  extrusion.  This  did  not  occur  in  all  cases,  but  in  two 
instances  at  least,  within  24  hours,  they  found  many  blasts  in  the  blood  of  one 
rabbit  and  one  dog  when  previous  observation  had  shown  none.  It  is,  however, 
a  noteworthy  fact  and  one  which  wiO  be  discussed  in  a  later  paper  that  nucleated 
red  cells  have  no  increased  tendency  to  appear  in  the  blood  in  the  presence  of 
advanced  h\-perplasia.  Indeed,  the  first  reaction  noted  in  dogs  subjected  to  re- 
peated bleedings  may  be  disappearance  from  the  blood  of  the  ordinary  low 
normoblastic  content.  Something  more  than  hyperplasia  is  needed  to  dislocate 
these  marrow  cells. 

It  may  be  held  in  relation  to  the  conditions  now  under  discussion  that  the 
stimulus  is  applied  more  slowly  than  we  are  accustomed  to  see  it  in  secondary 
anemias  due,  for  instance,  to  sudden  large  hemorrhages.  This  is  true  of  most  ob- 
servations made  upon  human  beings  at  high  altitudes,  since  in  these  cases  the  ex- 
periments are  not  usually  carried  to  the  danger  point.     And  it  is  to  be  remembered 
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that  Schauman  and  Rosenqvist  (22)  by  sudden  reduction  of  pressure  with  no 
other  change  in  the  condition  of  the  animal  did  find  blast  extrusion  in  two 
cases.  Loevenhart  and  his  associates  (20)  found  it  impossible  to  keep  animals 
at  osj'gen  percentages  below  7.0.  They,  however,  brought  several  animals  to 
this  minimum,  kept  them  there  a  week,  and  include  them  in  their  statement 
as  to  the  blood  morphologj^;  i.e.,  many  bluish-staining  forms,  no  mention  of 
blasts.  The  polycythemia  of  low  o.xygen  tension  occurs  with  considerable  rapid- 
ity. In  these  experiments  maximum  increase  was  never  obtained  in  less  than  1 
week,  but  some  increase  was  usually  evident  after  2  or  3  days.  Oliver  (23)  found 
immediate  increase  on  arrival  at  a  high  altitude,  and  his  experience  is  borne  out 
by  others,  notably  Douglas,  Haldane,  Henderson,  and  Schneider  (19),  Viault 
(24),  Mercier  (25),  Miescher  (26),  and  Schneider  and  Havens  (27).  It  requires, 
however,  extraordinary  and  dangerous  application  of  the  stimulus  operative  in 
these  cases  to  cause  blast  extrusion.  .Another  feature  to  be  emphasized  is  that 
these  cells  will  appear  as  readily  and  as  quickly  with  the  marrow  in  normal  forma- 
tive equilibrium  as  in  the  presence  of  much  larger  volumes  of  hyperplastic  tissue. 

Two  other  sets  of  experiments  deserve  notice  in  this  connection. 

Reusch  (28)  attempted  to  localize  stimulation  of  the  marrow  by  means  of  what 
he  designated  as  oxygen  lack.  In  2  hour  periods  daily  over  a  long  time  he  tied  off 
one  leg  of  a  dog  with  a  rubber  tube,  thus  cutting  off  all  the  circulation,  or  a  large 
part  of  it,  to  the  femur  and  to  the  tibia  of  the  leg  in  question,  believing  that  he 
could  secure  marrow  hyperplasia  in  these  bones  by  this  method.  He  failed,  and 
failed  again  in  an  attempt  to  get  new  islands  of  blood-forming  tissue  in  the  liver 
by  means  of  hepatic  artery  ligation  and  consequent  deprival  of  oxygen.  These 
experiments  attempt  to  localize  stimulus  and  effect,  a  feature  which  is  unfortu- 
nately lacking  in  work  upon  the  bone  marrow  because  of  the  inaccessibility  of  the 
tissue.  Had  this  crude  attempt  at  isolation  of  the  tissue  succeeded,  the  nature  of 
the  stimulus  to  hyperplasia  might  be  considered  to  have  been  limited  at  least  to 
some  degree.  While  at  present  it  appears  justifiable  to  hold  to  the  idea  that  oxy- 
gen lack  achieves  this  result  directly,  we  are  always  confronted  by  the  fact  that 
it  may  be  the  secondary  result  of  oxygen  lack  upon  other  tissues. 

Miiller  (29)  has  made  the  only  investigations  which  we  have  been  able  to  find 
of  blood  taken  directly  from  the  nutrient  vein  of  the  tibia  of  the  dog.  He  iso- 
lated this  vein  by  removal  of  the  fibula  with  as  little  hemorrhage  and  inter- 
ference with  respiration  as  possible.  Under  these  normal  conditions  the  blood 
so  obtained  agreed  in  cellular  composition  with  blood  from  other  parts  of  the 
body.  Within  an  hour  after  severe  hemorrhage  he  found  many  nucleated  red 
cells  in  the  nutrient  vein  blood.  Similarly  these  cells  were  obtainable  after  20 
minutes'  clamping  of  the  nutrient  artery  and  after  rather  prolonged  general 
asphyxia  produced  by  breathing  a  nitrogen-  or  a  carbon  dioxide-rich  atmosphere. 

Miiller  attributes  the  appearance  of  these  blasts  to  o.xygen  lack.  He  seems 
to  show  definitely  that  local  asphyxia  results  in  dislocation  of  the  cells  in  ques- 
tion.   There  is  no  indication,  however,  as  to  how  this  acute  reaction  is  brought 
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about  and  the  observations  are  unfortunately  given  without  thorough  evidence 
of  care  taken  in  controlling  the  work,  the  manner  of  investigating  numbers  of 
nucleated  red  cells,  etc.  There  is  also  no  evidence  as  to  the  degree  of  hyper- 
plasia of  the  marrow  which  existed  when  the  observations  were  made.  These 
are  all  matters  of  importance  and  may  lead  readily  to  misinterpretations  of 
phenomena. 

Miiller  also  took  part  in  one  of  the  Alpine  expeditions  headed  by  Zuntz,  and 
advantage  was  taken  of  his  method  for  getting  nutrient  vein  blood  in  the  course 
of  this  group  of  e.xperiments.  While,  as  we  have  said,  their  animals  showed  no 
blasts  in  the  peripheral  blood  stream,  the  statement  is  made  that  the  nutrient 
vein  blood  was  full  of  these  cells  when  examined  alone.  The  behef  is  advanced 
that  nucleated  forms  are  being  continually  cast  into  the  blood  stream  but  that 
they  are  apparently  unable  to  survive  in  this  free  swimming  condition  and 
promptly  disappear — where  or  how  is  left  for  conjecture.  We  shall  show  in  our 
experiments  that  at  times  it  is  easy  by  means  of  exercise  to  change  the  number  of 
normoblasts  found  in  blood  films,  and  we  are  disinclined  to  believe  the  results 
quoted,  in  the  absence  of  evidence  as  to  the  procedures  gone  through  before  the 
decision  of  blasts  in  the  circidation  was  given. 

EXPERIMENTAL. 

The  Effect  of  Exercise. 

The  first  procedure  adopted  to  test  the  effect  of  circulatory  changes 
in  the  bone  marrow  upon  the  peripheral  blood  of  the  intact  animal 
was  that  of  exercise.  It  seemed  safe  to  assume  that  exercise,  since 
it  increases  the  flow  of  blood  through  the  other  organs  of  the  body, 
would  increase  the  flow  through  the  bone  marrow  as  well.  There  is 
no  direct  means  of  testing  the  effect  of  muscular  work  upon  blood  flow 
through  bones  since  the  dissection  involved  inevitably  destroys  the 
possibiUty  of  exercising  efficiently. 

The  leukocytosis  of  exercise  has  already  been  studied.  Schulz  (30)  in  a  series 
of  observations  upon  men  found  that  an  increase  of  from  1,000  to  4,000  leuko- 
cytes per  c.  mm.  of  blood  would  accompany  vigorous  muscular  effort.  This 
leukocytosis  occurred  simultaneously  with  the  increased  pulse  and  respiration 
rates  induced  by  the  muscular  work  and,  according  to  Schulz,  disappeared  in  the 
course  of  IS  minutes  as  the  pulse  and  respiration  returned  to  normal. 

Burrows  (31)  in  a  study  of  leukocytosis  associated  with  convulsions  has  re- 
corded two  control  experiments  in  which  he  found  leukocytoses  of  moderate  de- 
gree and  short  duration  following  vigorous  exercise. 

Schneider  and  Havens  (32)  in  a  series  of  36  e.xperiments  made  upon  9  subjects 
found  an  increase  in  the  number  of  white  corpuscles  following  exercise,  which 
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varied  from  1,170  to  11,670  cells  per  c.  mm.  Similarly,  Hawk  (33)  in  a  series  of 
observations  on  athletes  has  found  an  increase  in  the  number  of  leukocytes  after 
exercise  from  1,930  to  9,500  cells  per  c.  mm.  Zuntz  and  Schumburg  (34)  in 
their  studies  on  soldiers  obtained  an  average  leukocytosis,  following  exercise,  of 
43  per  cent. 

Larrabee,  Tileston,  and  Emerson  (35),  in  studies  on  young  men  before  and  after 
a  Marathon  race  of  24  miles,  record  the  finding  of  an  invariable  leukocytosis  which 
varied  from  14,200  to  27,700  cells  per  c.  mm.  of  blood.  These  observers  also  re- 
cord the  fact  that  no  abnormalities  in  size,  shape,  or  coloring  of  red  cells,  and  no 
nucleated  red  cells  could  be  found.  With  this  exception  none  of  the  above  writ- 
ers record  observations  on  nucleated  red  blood  corpuscles,  the  type  of  cell  with 
which  we  aie  primarily  concerned. 

Our  experiments  may  be  considered  under  three  main  heads:  the 
«ffect  of  exercise  (1)  upon  normal  animals,  (2)  upon  hyperplastic 
animals  with  large  numbers  of  normoblasts  in  the  peripheral  blood, 
and  (3)  upon  hyperplastic  animals  showing  few  or  no  normoblasts  in 
the  peripheral  blood  stream. 

Before  discussing  our  results  we  shall  review  briefly  our  methods  of 
making  blood  examinations.  In  selected  cases  specimens  were  ob- 
tained by  withdrawing  blood  from  a  superficial  vein  with  a  hypodermic 
syringe,  but  in  the  majority  of  cases  blood  was  obtained  by  subcu- 
taneous puncture.  Dogs  were  used  as  subjects  throughout  this  series 
of  experiments. 

The  examination  of  each  specimen  consisted  in  counting  the  num- 
bers of  red  and  of  white  corpuscles  per  c.  mm.  of  blood,  and  in  making 
blood  films.  The  red  corpuscles  were  diluted  with  Hayem's  solution; 
the  white  with  a  4  per  cent  solution  of  acetic  acid.  The  same  pipettes 
and  the  same  Thoma-Zeiss  counting  chambers  were  used  throughout 
and  all  blood  counts  were  made  by  two  of  us.  The  blood  films  were 
stained  with  Wright's  stain,  and  were  then  examined  with  respect  to 
the  number  of  nucleated  red  corpuscles  present.  In  each  film  1,000 
white  cells  were  counted  and  the  number  of  nucleated  red  cells  which 
were  observed  during  the  process  of  this  count  was  recorded.  Let  us 
assume,  for  example,  that  a  certain  dog  gave  a  leukocyte  count  of 
15,000  and  that  the  film  from  this  animal  showed  10  normoblasts 
per  1,000  leukocytes.  The  number  of  normoblasts  per  c.  mm.  of 
blood  would  then  be  estimated  as  being  10  times  15,  or  150.  This 
method  of  estimating  nucleated  red  cells  has  been  used  with  reason- 
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ably  satisfactory  results  b}-  Timofejewsky  (14),  by  Bunting  (8),  and 
by  others,  and  we  agree  with  Timofejewsky  in  finding  it  more  satis- 
factory than  any  method  of  direct  counting  in  a  counting  chamber. 

The  Effect  of  Exercise  upon  Normal  Animals. — Many  investiga- 
tors have  noted  that  the  peripheral  blood  of  a  large  percentage  of  dogs 
normally  contains  nucleated  red  cells.  Our  observations  amply  con- 
firm this  fact.  In  26  observations  on  the  ordinary  dogs  used  in  the 
laboratory,  before  experimental  procedures  had  been  instituted,  we 
found  an  average  of  227  nucleated  red  cells  per  c.  mm.  of  blood,  with 
a  range  of  from  0  to  2,485  cells.  Of  these  26  animals,  8  on  first  ex- 
amination showed  no  nucleated  red  cells  at  all. 

T.\BLE    I. 

Normal  Dogs. 


Dog. 

Date. 

Hour. 

Erythro- 
cytes per 

Leuko- 
cytes 
pet 

Blasts 
per 

Remarks. 

1 

1917 
Aug.  31 

10.50 
11.12-11.17 

11.20 

8,624,000 

8,432,000 

24,400 

26,500 

466 

689 

Vigorous  e-xercise,  running  out 
of  doors. 

2 

.\ug.  29 

11.50 
11.57-12.13 

12 .  15 

7,440,000 
8,592,000 

14,700 
18,200 

0 
0 

Vigorous  running  out  of  doors; 
animal  well  blown. 

In  carrying  out  an  exercise  experiment  the  animal  to  be  studied  was 
kept  as  quiet  as  possible  before  the  experiment  began.  In  the  earlier 
work,  both  before  and  after  exercise,  one  red  and  one  white  count  and 
two  blood  films  were  made,  all  specimens  being  obtained  by  subcu- 
taneous puncture.  In  later  experiments  at  least  two  sets  of  counts 
and  of  films  were  made  both  before  and  after  exercise;  one  set  of 
specimens  being  obtained  by  subcutaneous  puncture,  thi  other  set 
by  withdrawing  blood  from  a  superficial  leg  vein.  In  some  cases 
blood  was  also  obtained  by  cardiac  puncture. 

After  satisfactory  specimens  had  been  obtained  the  animal  was 
exercised  as  vigorously  as  possible.  A  variety  of  modes  of  exercise 
was  used.     Among  these  were  running  in  a  treadmill,  being  towed  by 
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a  motorcycle,  and  running  on  a  leash  until  the  animal  was  well  blown. 
Red  and  white  counts  and  films,  exactly  comparable  to  those  taken 
before  e.xercise,  were  then  secured,  and  the  figures  for  all  four  obser- 
vations compared.  The  results  obtained  in  this  way,  as  far  as  nu- 
cleated red  cells  are  concerned,  were  remarkably  uniform.  Every 
dog  observed,  whose  blood  contained  normoblasts  before  exercise, 
showed  a  slightly  larger  number  of  these  cells  after  exercise.  Some 
animals  in  whose  blood  no  nucleated  red  cells  were  found  before 
exercise  displayed  a  few  of  these  cells  after  vigorous  muscular  effort; 
other  animals  continued  to  show  none.  Typical  examples  of  this  re- 
sult are  shown  in  Table  I. 

The  Effect  of  Exercise  upon  Hyperplastic  Animals  with  Large  Num- 
bers of  Nucleated  Red  Cells  in  the  Capillary  Blood. — Observations  as  to 
the  effect  of  exercise  upon  normal  dogs  were  followed  by  similar 
studies  on  a  number  of  animals  rendered  hyperplastic  by  repeated 
hemorrhages  of  varying  severity  and  frequency.  During  the  course 
of  development  of  hyperplasia  the  effect  of  exercise  upon  the  animals 
was  frequently  tested.  Exercise  tests  were  made,  at  times  a  few 
hours  after  a  hemorrhage,  at  other  times  days  or  even  weeks  after  the 
last  bleeding.  Animals  treated  in  this  way  pass  through  several 
phases  in  respect  to  the  number  of  normoblasts  which  appear  in  the 
peripheral  blood  stream.  Normal  animals,  showing  a  few  normo- 
blasts, may  present  a  slight  increase  after  the  circulatory  stirring  up 
of  exercise.  In  the  24  hours  immediately  following  a  large  hemorrhage 
no  significant  increase  in  normoblasts  occurs.  Specimens  taken  be- 
fore and  at  frequent  intervals  immediately  after  a  hemorrhage  either 
show  no  difference  in  nucleated  red  cell  content,  or  show  at  best  a 
slight  increase  after  the  hemorrhage,  due  in  our  opinion  to  a  general 
stirring  up  of  the  circulation  such  as  obtains  in  exercise. 

But  in  the  early  stages  of  blood  regeneration,  evidenced  by  increasing 
red  cell  counts,  normoblasts  appear  in  larger  numbers.  Exercise  in- 
creases the  number  of  these  cells  in  the  capillary  blood, — an  increase 
practically  in  inverse  proportion  to  the  amount  the  animal  has  been 
allowed  to  move  about  before  the  specimens  are  taken.  Later,  as 
regeneration  becomes  complete,  normoblasts  largely  disappear  from  the 
circulation,  and  at  this  stage  few  or  none  can  be  obtained  by  exercise. 

It  is  evident,  therefore,  that  exercise  plus  anemia  will  not  bring 
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forth  normoblasts,  or  else  these  cells  would  appear  as  a  result  of  the 
exercise  immediately  after  hemorrhage.  Nor  is  exercise  coupled  with 
marrow  hyperplasia  capable  of  causing  their  appearance,  for  nucle- 
ated cells  do  not  appear  following  exercise  in  the  late  stages  of  regen- 


TABLE   n. 

Ilyperplastic  Dogs  Showing  Large  Numbers  oj  Nucleated  Red  Cells. 


Dog. 

Date. 

Hour. 

Erythrocytes 
per  cram. 

Leuko- 
cytes 
per 

Blasts 
per 

Remarks. 

1916 

3 

Oct.     7 

Bled  350  cc. 

Weight 

"     16 

"     175  " 

12.5 

"     20 

2.58 

4,440,000 

15,800 

316 

kUos. 

3.01-3.16 

Hard  e.xercise  in  treadmill. 

3.21 

4,412,000 

16,600 

896 

Nov.  10 

Bled  175  cc. 

"     17 

2.10 
2.15-2.26 

3,928,000 

50,700 

659 

E.\ercise,   running  in   the 
haU. 

2.28 

4,184,000 

51,300 

1,539 

4 

Oct.     2 

Bled  180  cc. 

Weight 

"       6 

10.55 

2,860,000 

11,000 

385 

7.5 

10.59-11.11 

Ver>'  moderate  exercise. 

kilos. 

11.12 

3,104,000 

18,400 

1,177 

Oct.     9 

4.05 
4.08-  4.23 

4,024,000 

15,100 

1,721 

Moderate   e.xercise    in 
treadmill. 

4.30 

4,312,000 

16,800 

2,318 

5 

Oct.   21 

Bled  360  cc. 

Weight 

"     22 

9.40 

2,736,000 

17,300 

138 

8.9 

9.45-10.04 

Hard    exercise    in    tread- 

kilos. 

mUl. 

10.06 

2,800,000 

22,500 

247 

Oct.  25 

9.30 

2,976,000 

34,200 

684 

9.31-  9.46 

Exercise  in  treadmill. 

9.50         2,872,000 

43,600 

1,024 

*  In  bleeding  animals,  in  order  to  secure  as  large  a  reduction  of  cells  as  was 
jx)ssible  with  safety,  withdrawals  of  blood  and  injections  of  salt  solution  were 
alternated  in  the  same  operation.  The  figures  given  in  the  tables  expressing 
the  size  of  the  hemorrhages  represent,  therefore,  a  mixture  of  blood  and  of 
recently  injected  salt  solution. 
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TABLE  U — Concluded. 


Dog. 

Date. 

Hour. 

Erythrocytes 
per  c.mm. 

Leuko- 
cytes 
per 

Blasts 
per 

Remarks. 

6 
Weight 
20.5 
kilos. 

1917 

Jan.     5 
"      16 
"     17 

Feb.     2 

"      23 
Mar.    2 

2.25 
2.30 

2.34-  2.46 

2.. 55 
3.00 

2.20 
2.25 

2.27-  2.47 
2.50 
2,52 

3,048,000 
2,448,000 

36,700 

34,100 

1,321 
920 

Bled     710  cc. 
"     1,075  " 
From  superficial  vein. 
Subcutaneous  puncture. 

Average. . 

2,748,000 

2,078,000 
2,592,000 

35,400 

38,000 
35,200 

1,120 

1,596 
1,795 

Running  out  of  doors;  dog 

refused  to  run  hard. 
From  superficial  vein. 
Subcutaneous  puncture. 

.Average. . 

2,335,000 

4,304,000 
4,280,000 

36,600 

20,100 
20,800 

1,695 

201 
145 

Bled  1,160  cc. 
"     1,000  " 
From  superficial  vein. 
Subcutaneous  puncture. 

.Average. . 

4,292,000 

4,528,000 
4,320,000 

20,450 

20,300 
26,100 

173 

1,096 
1,096 

Hard  running  out  of  doors. 
From  superficial  vein. 
Subcutaneous  puncture. 

.\  verage . . 

4,424,000 

23,200 

1,096 

eration  when  hyperplasia  is  extreme.  Exercise  gives  more  cells  when 
cells  are  already  present,  and  in  this  condition  only. 

The  figures  in  Table  II  are  taken  from  dogs  in  the  early  stages  of 
the  hyperplasia  following  hemorrhage.  We  have  many  more  figures 
to  the  same  effect  but  these  given  suffice  to  prove  the  point;  namely, 
that  animals,  possessing  in  their  capillary  blood  fairly  large  numbers 
of  normoblasts  before  muscular  effort,  show  still  more  of  these  cells 
after  the  geiieral  stirring  up  of  exercise. 

It  seemed  possible,  at  first,  that  the  increase  in  nucleated  red  cells 
resulting  from  exercise  was  perhaps  due  to  an  output  of  cells  from  the 
marrow  tissue,  that  the  speeding  up  of  the  circulation  occasioned  by 
vigorous  muscular  effort  had  caused  a  real  crisis  of  blasts,  compar- 
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able  perhaps  to  the  blast  crises  of  anemia.  But  further  study  con- 
vinced us  that  this  interpretation  was  wrong.  In  experiments  in 
which  samples  of  blood  were  taken  from  different  sources  before  exer- 
cising the  animals,  an  unequal  distribution  of  nucleated  red  cells  was 
occasionally  found.  A  specimen  obtained  by  subcutaneous  puncture, 
for  example,  would  contain  relatively  few  normoblasts  while  a  second 
specimen  taken  from  a  superficial  vein  within  a  minute  or  two  would 
show  a  much  larger  number  of  the  cells.  After  exercise  the  second 
subcutaneous  specimen  would  show  a  marked  increase  in  the  number 
of  nucleated  red  cells,  a  result  completely  in  accord  with  our  former 
experiments.     But  the  second  vein  specimen,  on  the  contrary,  would 


TABLE    III. 
EJfect  of  Exercise  on  Distribution  of  Nucleated  Red  Cells. 


Dog. 

Date. 

Hour. 

Erythrocytes 
per  c.mm. 

per         j,^^ 

Remarks. 

3 

1916 
Dec.  23 

11.45 
11.50 

11.55-12.17 
12.20 
12.22 

3,744,000 
3,616,000 

26,700 
27,100 

747 
336 
541 

565 
561 

From  superficial  vein. 
Subcutaneous  puncture. 

Average. . 

3,680,000 

Lost. 
3,648,000 

26,900 

24,600 
24,400 

Hard  running  out  of  doors. 
From  superficial  vein. 
Subcutaneous  puncture 

Average . . 

3,648,000 

24,500 

563 

show  fewer  nucleated  red  cells  than  before  exercise.  An  average  of 
the  observations  before  and  of  those  after  exercise  would  give  prac- 
tically the  same  figure.  The  observations  made  on  Dog  3,  shown  in 
Table  III,  illustrate  this  point. 

This  suggested  that  probably  the  increase  of  normoblasts  in  the 
capillary  blood  following  exercise,  which  at  first  sight  seemed  possibly  a 
real  crisis  of  blasts  extruded  from  the  marrow  tissue,  was  in  reality 
merely  the  result  of  a  general  stirring  up  of  the  circulation  and  of  a 
consequent  more  even  distribution  of  blood  through  the  peripheral 
area.  Further  experiments  supported  this  idea.  We  found  that  a"ny 
procedure  calculated  to  cause  a  considerable  stirring  up  of  the  cir- 
culation, such,  for  example,  as  hemorrhage  and  infusion,  would  im- 
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mediately  increase  the  number  of  blasts  in  the  peripheral  blood,  pro- 
vided that  any  had  been  observed  at  the  beginning.  The  sudden- 
ness of  the  increase  in  all  these  cases  weighed  in  favor  of  the  view 
that  the  newly  observed  cells  had  been  hidden  away  in  deep  lying 
vessels,  possibly  in  the  veins  of  the  marrow  itself,  and,  as  a  result  of 
the  increased  rate  of  circulation  incident  to  the  hemorrhage  and 
infusion,  had  been  driven  out  into  the  open. 

As  the  experimental  animals  became  more  hyperplastic  and  de- 
veloped refractory  periods  in  relation  to  the  extrusion  of  blasts,  peri- 
ods in  which  practically  no  nucleated  red  cells  could  be  found  in  the 
peripheral  blood  either  before  or  after  exercise,  we  became  convinced 
that  exercise  serves  only  to  give  a  true  picture  of  the  nucleated  red 
cells  already  in  the  circulation,  and  has  no  influence  whatever  on  their 
extrusion  from  the  marrow  tissue. 

TJie  Effect  of  Exercise  upon  Hyperplastic  Animals  Showing  Few  or  No 
Nucleated  Red  Cells  in  the  Peripheral  Blood  Stream. — After  a  time 
many  animals  become  adjusted  to  periodic  bleedings  and  pass  into 
periods  when  few  or  no  nucleated  red  cells  can  be  obtained  by  sub- 
cutaneous puncture,  no  matter  how  vigorous  an  effort  is  made  to 
stir  them  out.  These  refractory  periods  have  a  definite  relation  to 
the  process  of  regeneration  after  hemorrhage.  In  general  they  occur 
just  after  a  hemorrhage  when  the  red  count  is  low,  and  again  when 
regeneration  is  almost  complete.  If  the  animal  has  become  adjusted 
to  frequent  bleedings  and  a  particular  hemorrhage  is  not  a  severe  one, 
the  refractory  period  may  last  throughout  the  entire  process  of  regen- 
eration. If,  however,  the  hemorrhage  is  severe,  the  early  refractory 
period  is  followed  by  a  true  formative  crisis  of  blasts  which  lasts 
from  1  to  several  days.  The  height  of  this  crisis  varies  with  the 
severity  of  the  hemorrhage  and  with  the  degree  of  abihty  to  resist 
normoblast  extrusion,  which  the  animal  may  have  developed. 

During  these  two  refractory  periods,  when  few  or  no  blasts  are 
to  be  found  in  the  peripheral  blood,  exercise  will  not  bring  them  out. 
The  figures  given  in  Table  IV  are  taken  from  two  hyperplastic  ani- 
mals in  refractory  phases  and  will  serve  to  demonstrate  this  point. 
The  first  figures  in  Table  IV  (Dog  5)  represent  a  refractory  period 
occurring  after  a  hemorrhage  when  the  red  count  was  low.  The 
second  set  of  figures  (Dog  7)  are  taken  from  a  young  dog  whose 
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marrow  was  presumably  h\-perplastic  at  the  beginning.  When  nor- 
mal this  animal  showed  no  nucleated  red  cells  before  exercise  and  123 
per  c.  mm.  after  exercise.  After  one  bleeding  and  regeneration  to 
normal,  he  showed  the  completely  refractory  period  recorded  in  Table 
IV.  Throughout  our  entire  experience  with  this  animal  he  showed  a 
remarkable  resistance  to  the  extrusion  of  blasts. 

Table  V  gives  an  almost  complete  picture  of  a  single  dog  passing 
through  the  various  periods  into  which  we  have  divided  our  exercise 

TABLE   IV. 
Hyperplastic  Dogs  in  Refractory  Periods. 


Dog. 

Date. 

Hour. 

Erythrocytes 
per  c. mm. 

Leuko- 
cytes 
per 

Blasts 
per 

Remarks. 

1916 

f  Animal 
showed 

5 

Oct.   21 

Bled  360  cc.        many 

Weight 

Nov.  10 

"     190  "  \      blasts 

8.9 

Dec.  14 

"     230   "    1      during 

kilos. 

this     pe- 
riod. 

"      19 

4.15 
4.20-  4.35 

3,456,000 

23,100 

0 

E.xercise,    running    about 
building. 

4.38 

3,128,000 

24,600 

0 

7 

Oct.    13 

Bled  175  cc. 

Weight  5 

"     24 

9.40 

5,064,000 

19,500 

0 

kilos. 

9.42-  9.57 

Hard  exercise  in  treadmiU. 

10.00 

5,232,000 

18,500 

0 

experiments.  Unfortimately  this  animal  was  not  exercised  before  it 
was  bled,  so  no  figures  can  be  given  showing  the  reaction  to  exercise 
while  yet  normal.  On  January  5,  the  first  experimental  day,  this 
animal  was  bled  710  cc.  Before  the  bleeding  two  observations  showed 
no  normoblasts  in  the  peripheral  blood.  After  the  hemorrhage,  which 
reduced  the  red  count  from  5,696,000  to  3,831,000,  eleven  observa- 
tions gave  an  average  of  15  normoblasts  per  c.  mm.  This  increase 
we  believe  to  have  been  due  to  the  stirring  up  of  the  circulation  inci- 
dent to  the  hemorrhage  and  infusion,  and  in  this  respect  to  be  com- 
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TABLE    V. 

Effect  of  Exercise  on  Dog  6  during  a  Series  of  Hemorrhages  and  Recoveries. 


Dog. 

Date. 

Hour. 

Erythrocytes 
per  c.mro. 

Leuko- 
cytes 
per 
c.mm. 

Blasts 
per 

Remarks. 

1917 

6 

Jan.     5 

11.25-11.50 

5,696,000 

14,700 

0 

.\verage  of  two  observa- 

Weight 

tions. 

20.5 

12.00 

Bled  710  cc;  infused  860 

kilos. 

cc. 

12,10-  5.15 

3,831,000 

25,920 

15 

Average   of  eleven  obser- 
vations. 

Jan.    16 

Bled  1,075  cc. 

"      17 

2.25 

3,048,000 

36,700 

1,321 

From  superficial  vein. 

2  ,30 

2,448,000 

34,100 

920 

Subcutaneous  puncture. 

Average. . 

2,748,000 

35,400 

1,120 

2.34-  2.46 

Running  out  of  doors;  dog 
refused  to  run  hard. 

2.55 

2,708,000 

38,000 

1,596 

From  superficial  vein. 

3  00 

2,592,000 

35,200 

1,795 

Subcutaneous  puncture. 

Average. . 

2,650  000 

36,600 

1,695 

Feb.     2 

Bled  1,160  cc. 

"     23 

"     1,000   " 

Mar.    2 

2.20 

4,304,000 

20,100 

201 

From  superficial  vein. 

2.25 

4,280,000 

20,800 

145 

Subcutaneous  puncture. 

j\verage. . 

4,292,000 

20,450 

173 

2.27-  2.47 

Hard  running  out  of  doors. 

2.50 

4,528,000 

20,300 

1,096 

From  superficial  vein. 

2.52 

4,320,000 

26,100 

1 ,096 

Subcutaneous  puncture. 

.Average. . 

4,424,000 

23,200 

1,096 

Mar.    8 

2.50 

4,992,000 

24,600 

24 

From  superficial  vein. 

2.54 

4,976,000 

25,300 

25 

Subcutaneous  puncture. 

.•\verage. . 

4,984,000 

24,950 

24 

2.55-  3.10 

Running  out  of  doors;  ani- 
mal well  blown. 

3.15 

5,912,000 

24,000 

336 

Subcutaneous  puncture. 

3.17 

5,880,000 

23,200 

116 

From  superficial  vein. 

Average. . 

5,896,000 

23,600 

226 

Mar.  13 

2.18 

6,152,000 

20,200 

0 

From  superficial  vein. 

2.21 

5,824,000 

22,200 

22 
11 

Subcutaneous  puncture. 

Average. . 

5,988,000 

21,350 
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TABLE   V — Concluded. 


Dog. 

Date. 

Hour. 

Erytbrocvles 
pel  cmm. 

Leuko- 
cytes 
per 

Blasts 
per 

Remarks. 

6 

1917 
Mar.  13 

Mar.  14 
"      17 

2.23-  2.38 
2.39 
2.40 

8.35 
8.37 

8.38-  8.55 
8.57 
8. 58 

6,856,000 
6,616,000 

36,300 
32,200 

108 

96 

Running  out  of  doors. 
From  superficial  vein. 
Subcutaneous  puncture. 

Average. . 

6,736,000 

4,072,000 
3,608,000 

34,250 

27,860 
30,500 

102 

55 
0 

Bled  1,000  cc. 

From  superficial  vein. 

Subcutaneous  puncture. 

Average. . 

3,840,000 

3,768,000 
3,448,000 

29,180 

27,700 
26,500 

27 

27 
53 

Running  out  of  doors. 
From  superficial  vein. 
Subcutaneous  puncture. 

Average. . 

3.608.000 

27,100 

40 

parable  with  an  exercise  increase.  The  figures  on  this  animal  for 
January  17,  March  2,  and  March  8  show  a  typical  reaction  to  exer- 
cise in  the  early  stages  of  hyperplasia.  The  number  of  normoblasts 
in  the  animal's  blood  on  these  days  was  very  high  before  exercise, 
and  in  each  case  was  decidedly  increased  after  exercise.  It  is  inter- 
esting to  note  in  this  table  the  gradual  development  of  an  ability  on 
the  part  of  the  animal  to  keep  the  nucleated  red  cells  This  tendency 
reaches  its  height,  as  far  as  this  series  of  observations  is  concerned, 
on  March  17,  when  the  animal,  starting  with  an  average  of  27  blasts 
per  c.  mm.  before  exercise,  showed  an  average  of  40  of  these  cells 
after  exercise. 

The  Ejffect  of  Nerve  Section. 

In  the  early  days  of  microscopic  blood  examinations,  when  the  relative  con- 
stancy in  health  of  the  red  and  of  the  white  blood  count  was  first  appreciated  and 
when  the  speed  with  which  these  counts  could  alter  in  disease  became  known,  it 
was  natural  that  investigators  should  look  for  nervous  control  of  blood  composi- 
tion. Thus,  Cohnstein  and  Zuntz  (36)  in  1888  examined  the  results  of  the  com- 
plete vascular  paralysis  caused  by  spinal  cord  section  at  the  level  of  the  seventh 
cervical  vertebra.  They  foimd  that  a  great  lowering  of  the  red  and  of  the  white 
coimt  foliow^ed  this  section,  which  was  of  course  accompanied  by  complete  vaso- 
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motor  collapse.  They  attributed  this  blood  dilution  to  transudation  of  tissue 
fluid  into  the  vessels  when  their  tone  was  destroyed.  Malassez  (37)  in  a  brief 
note  states  that  denervated  parts  usually  give  lowered  red  counts,  but  he  pre- 
sents no  more  than  this  brief  statement. 

It  is  obvious  that  such  experiments  as  those  of  Cohnstein  and  Zuntz 
would  not  achieve  the  result  demanded  by  our  e.xperiments,  namely, 
increased  flow  through  the  marrow  vessels,  since  in  the  collapse  fol- 
lowing complete  vasomotor  palsy  the  peripheral  blood  stream  be- 
comes very  sluggish.  It  was  therefore  necessary  to  provide  nerve 
sections  which  could  be  shown  to  have  no  effect  on  general  blood  pres- 
sure but  which  would  at  the  same  time  open  a  large  number  of  mar- 
row vessels.  We  therefore  cut  the  two  sciatic  nerves  very  high  in  the 
thighs  and  both  brachial  plexuses  above  the  upper  ends  of  the  humeri. . 
These  sections  result  in  vasomotor  paralysis  of  the  vessels  in  the  long 
and  the  small  bones  of  the  four  limbs.  The  operation  in  each  ex- 
periment was  carried  out  under  sterile  conditions.  Blood  examina- 
tions (erythrocyte,  leukocyte,  and  normoblast  counts)  were  made 
prior  to  surgical  procedure.  All  operations  were  performed  under 
morphine  and  cocaine  anesthesia  with  brief  administration  of  ether, 
if  necessary,  at  the  time  of  the  nerve  sections.  Blood  pressure  trac- 
ings were  made  before  nerve  section  and  aftenvards  at  intervals 
throughout  the  remainder  of  the  day  in  order  to  follow  the  circulatory 
condition  of  the  animal.  The  operation  never  gave  shock.  Follow- 
ing the  nerve  section  we  were  able  to  maintain  a  normal  blood  pres- 
sure throughout  the  rest  of  the  day  while  we  followed  at  frequent 
intervals  the  cellular  composition  of  the  blood  in  order  to  see  whether 
the  increased  blood  flow  through  the  bones  enumerated  caused  egress 
of  cells. 

The  results  of  the  nerve  section  experiments  were  negative.  There 
occurred  either  no  change  at  all  in  the  number  of  normoblasts  present 
in  the  peripheral  blood,  or  else  so  slight  a  change  as  to  be  within  the 
limits  of  error  of  the  method  used  in  counting  the  cells. 

Text-fig.  1  gives  a  graphic  picture  of  a  tvpical  nerve  section  experi- 
ment performed  on  a  normal  dog  (Dog  8).  Three  observations  on 
this  animal  before  nerve  section,  extending  from  8.55  a.m.  to  11.41 
a.m.  gave  an  average  of  13  nucleated  red  ceils  per  c.  mm.  of  blood; 
seven  observations  after  nerve  section,  extending  over  a  period  of  5 
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hours,  gave  an  average  of  21  nucleated  red  cells  per  c.  mm. — an  in- 
significant increase.  The  early  rise  in  the  erythrocyte  count  shown 
in  this  chart  is  a  phenomenon,  rather  marked  in  this  case,  which  we 
have  often  seen  following  morphinization.  Before  nerve  section,  how- 
ever, the  red  count  had  reached  a  level  which  remained  more  or  less 
constant  throughout  the  afternoon. 
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Text- Fig.  1.  Curve  showing  the  absence  of  effect  of  section  of  nerves  to  the 
four  hmbs  upon  the  red  cell,  the  white  cell,  and  the  nucleated  red  cell  counts  in 
Dog  8.  The  ordinates  represent  cells  per  c.  mm.  of  blood;  the  abscissae  represent 
time  of  day.  The  initial  rise  in  the  red  cell  coimt  before  nerve  section  is  due  to 
morphinization. 


Fig.  1  gives  the  blood  pressure  record  of  the  same  animal  during 
the  course  of  the  experiment.  Tracing  1  was  made  shortly  before 
section  of  the  nerves.  Tracing  2  was  made  before,  during,  and  after 
nerve  section,  the  time  occupied  by  nerve  section  being  indicated 
by  two  crosses  (-|-  . . .  .  +)  on  the  record.  Subsequent  tracings,  3 
through  9,  were  made  at  intervals  during  the  5  hours  following  nerve 
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section.  It  will  readily  be  seen  that  the  animal  maintained  a  normal 
blood  pressure  throughout  the  course  of  the  experiment. 

A  similar  experiment  was  performed  on  Dog  7  which  had  been 
bled  and  infused  five  times  pre\"ioush-  and  whose  marrow  as  seen  at 
autopsy  showed  extreme  red  cell  hyperplasia.  Two  observations  on 
this  animal  before  nerve  section  gave  ah  average  of  41  nucleated 
red  cells  per  c.  mm.;  eleven  observations,  during  a  period  of  about 
5  hours  following  the  operation,  gave  an  average  of  47  nucleated  red 
cells  per  c.  mm.  In  this  animal  3h  hours  after  section  of  the  nerves 
the  effect  of  general  asphyxia  upon  normoblast  extrusion  was  tested 
by  repeated  clampings  of  the  trachea.  This  procedure  caused  each 
time  a  marked  rise  in  blood  pressure  but  had  no  effect  upon  the 
appearance  of  nucleated  red  cells  in  the  peripheral  blood. 

With  the  exception  of  one  animal  fDog  9),  in  which  the  small  but 
decided  increase  after  nerve  section  of  from  645  (average  of  three  ob- 
servations) to  908  (average  of  seven  observations)  normoblasts  per 
c.  mm.  was  obtained,  all  nerve  section  experiments  gave  negative 
results. 

CONCLUSIONS. 

1.  Increase  in  circulatory  rate  caused  by  hard  exercise  has  no 
power  to  dislocate  nucleated  red  cells  from  the  bone  marrow  either  in 
normal,  in  anemic,  in  hyperplastic,  or  in  anemic  and  hyperplastic 
animals. 

2.  In  anemic  and  hyperplastic  animals  pseudocrises  of  nucleated 
red  cells  can  be  produced  at  certain  periods  by  hard  e.xercise,  but 
careful  analysis  leads  inevitably  to  the  conclusion  that  the  increase 
in  these  cells  is  merely  a  more  accurate  expression  of  circulatory  con- 
tent at  the  time  of  the  procedure. 

3.. Section  of  the  vasomotor  nerves  to  the  four  limbs  with  conse- 
quent dilatation  of  the  marrow  vessels  and  increased  blood  flow 
through  the  tissue  does  not  result  in  the  freeing  of  nucleated  red  cells 
from  the  bone  marrow. 
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EXPLANATION  OF  PLATE  7. 

Fig.  1.  Graphic  record  of  the  arterial  blood  pressure  of  Dog  8  taken  at  intervals 
during  a  period  of  5  hours  preceding,  during,  and  following  section  of  nerves  to 
the  four  limbs.  Nerve  section,  performed  during  the  recording  of  tracing  2, 
caused  no  immediate  or  subsequent  fall  in  general  arterial  pressure. 
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SKIN  FERMENTS. 

.      By  EDNA  SEXSMITH,  M.D.,  a>jd  WILLIAM  F.  PETERSEN,  M.D. 

(From  the  Laboratory  of  Physiological  Chemistry  of  the  College  of  Medicine  of  the 
University  of  Illinois,  Chicago.) 

(Received  for  publication,  September  7,  1917.) 

During  the  past  few  years,  particularly  in  connection  with  obser- 
vations on  the  luetin  reaction,  the  typhoidin  reaction,  and  related 
bacterial  skin  tests,  as  well  as  with  certain  skin  tests  made  with  a 
variety  of  proteins  in  clinical  conditions  apparently  dependent  on  a 
sensitized  state  of  the  patient  (asthma,  urticaria,  etc.),  greater  inter- 
est has  been  stimulated  in  the  study  of  the  possible  mechanism  of  these 
reactions  and  their  relation  to  antibody  as  well  as  ferment  concentra- 
tion of  the  reacting  tissues. 

Kolmer  (1)  has  reviewed  the  subject  in  a  recent  paper.  He  calls 
attention  to  the  fact  that,  aside  from  the  sharply  specific  reactions, 
certain  non-specific  and  as  yet  unknown  factors  play  a  part  in  some 
of  the  skin  reactions.  The  work  that  has  followed  the  observations 
of  Sherrick  (2)  concerning  the  part  the  iodides  play  in  influencing  skin 
reactivity  has  emphasized  this  point  of  view.  With  these  considera- 
tions in  mind  we  have  undertaken  a  study  of  the  enzymes  of  human 
skin  and  of  skin  from  several  of  the  common  laboratory  animals. 

Phylogenetically  we  might  expect  that  the  skin  would  elaborate 
ferments  to  a  greater  degree  than  most  other  tissues,  since  the  ecto- 
plasm of  the  cell  (and  the  differentiated  ectoderm)  apart  from  its 
protective  function  is  that  portion  of  the  cell  brought  into  relation 
with  the  surrounding  medium  and  therefore  intimately  associated 
with  any  secretory  mechanism  designed  to  alter  food  particles  through 
extracellular  digestion.  Of  course,  with  the  continued  differentiation 
into  a  protective  structure  we  may  assume  that  the  ferment  secretory 
activity  would  be  repressed.  As  far  as  the  literature  is  available  to 
us  we  have  found  but  few  references  to  work  dealing  with  skin 
ferments. 
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Material. — The  skin  material  was  prepared  as  follows :  The  skin  was 
stripped  from  the  underhing  tissue  from  freshly  killed  animals,  and 
from  fresh  autopsy  material  in  the  case  of  the  human  skins.  The 
animals  were  not  exsanguinated,  so  that  the  normal  amount  of  blood 
remained  in  the  corium.  With  a  razor  as  much  of  the  connective  tis- 
sue of  the  corium  as  possible  was  then  removed,  lea\ing  the  flaps 
practically  free  from  connective  tissue.  The  skin  was  next  cut  into 
small  bits  with  sharp  scissors,  spread  on  a  glass  plate,  and  rapidly 
dried  in  an  air  current  at  low  temperature  (25°C.).  The  dried  mate- 
rial was  then  placed  in  a  desiccator  over  night  and  ground  the  follow- 
ing morning.  The  powdered  skin  was  put  through  a  40  mesh  sieve. 
The  dried  powder  was  made  up  as  a  0.5  per  cent  suspension  in  isotonic 
salt  solution  for  use. 

Inasmuch  as  the  antigens  ordinarily  employed  in  skin  reactions 
are  largely  protein  in  character,  we  have  endeavored  to  study  the 
proteolytic  processes  of  the  skin  in  greater  detail,  including  {a) 
the  simple  autolysis  of  the  skin  (without  altering  the  reaction);  {b) 
digestion  of  a  foreign  protein  (casein);  (c)  the  relative  resistance  of 
the  skin  to  tryptic  digestion;  id)  the  peptidase  content  of  the  skin. 

Autolysis  of  the  Skin. — The  skin  suspensions  were  autolyzed  for  sev- 
eral days  imder  toluene  at  45°C.  At  definite  times,  24,  48,  72  hours, 
etc.,  2  cc.  samples  were  withdrawn  and  the  amount  of  non-coagulable 
nitrogen  was  determined.  The  relative  rate  of  autolysis  is  illustrated 
in  Text-fig.  1. 

The  human  skins  all  autolyzed  at  practically  the  same  rate  and 
e\idently  to  an  extent  equal  to  that  of  the  animal  skins.  On  the 
other  hand,  the  skin  of  the  young  animals  (fetal  pig,  young  chicken) 
gave  no  e\idence  of  autolysis,  while  of  the  skins  of  the  adult  animals 
that  from  the  frog  autolyzed  to  the  greatest  extent.  For  purposes  of 
comparison  the  autolysis  of  the  liver,  dried  with  its  contained  blood, 
is  shown  in  the  last  curve  of  Text-fig.  1 . 

Protease. — In  order  to  study  the  possible  liberation  of  proteases 
from  the  skin  two  experiments  were  made.  In  the  first,  1  cc.  each 
of  the  skin  emulsions  was  incubated  48  hours  with  2  cc.  of  a  1  per 
cent  casein  solution  made  slightly  alkahne  to  phenolphthalein  with 
sodium  carbonate. 

No  alkaline  active  protease  was  demonstrable  b_\-  this  means.     In 
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the  following  experiment  the  casein  solution  was  prepared  slightly  acid 
to  phenolphthalein,  and  in  this  experiment  the  digestion  of  the  casein 
proceeded  as  indicated  in  the  following  table: 

Nitrogen.  Xitrogpn. 

ms-  ms. 

Liver 0.57  Rabbit 0  20 

Normal  human 0.3  Chicken 0.11 

dog 0  29  Pig 0.00 

"         "    Oil  Cat 0.00 

"         "     0.0')  Frog 0.00 


Resistance  to  Tryptic  Digestion. — 2  cc.  of  the  skin  suspension  were 
incubated  for  4  hours  with  1|  trj'psin  units.  1  unit  digests  2  cc.  of  a 
1  per  cent  casein  solution  in  1  hour.  For  purposes  of  control  similar 
tubes  were  prepared  and  immediately  boiled.  The  amount  of  the 
increase  in  non-coagulable  nitrogen  as  a  result  of  the  digestion  is 
shown  in  the  following  table: 

Nitrogen.  Nitrogen, 

mj.  ms- 

Dog 0  2.?        Pig 0.00 

"   0.07         Fetal  pig 0.00 

"   0  05         Frog 0  00 

Rabbit 0.17         Cat ' 0.00 

Chicken 0.02         Human  (5  specimens) 0.00 

Pig 0  05 

Peptidase. — Peptidase  was  determined  by  the  usual  method  of  di- 
gesting Witte's  peptone,  glycyltryptophane  not  being  available,  and 
determining  the  formation  of  free  tryptophane  with  bromine  water. 
In  the  tests  an  equal  volume  of  the  skin  suspension  was  mixed  with  a 
10  per  cent  solution  of  the  peptone  and  incubated  for  72  hours,  in 
some  instances  for  120  hours.  The  following  table  illustrates  the 
relative  intensity  of  the  digestive  effect  of  the  skin. 

Fetal  pig +  +  +  +  All  other  human  skins 0 

Chicken ++  Dog 0 

Cat +  Rabbit 0 

Guinea  pig Tr.  Frog 0 

Human  (norma!  boy) "  Pi.;,' 0 

Lipases. — Porter  (3)  in  his  study  of  the  distribution  of  the  lipases 
of  the  body  has  noted  the  relative  richness  of  the  skin  tissues  in  the 
true  lipases  and  cholesterolases.     In  view  of  the  function  of  the  skin 
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in  the  elaboration  of  the  sebaceous  secretion  this  is  to  be  expected. 
Porter  calls  attention  to  the  possible  part  these  ferments  play  in  the 
relative  resistance  of  the  skin  to  tuberculosis  as  well  as  to  the  bac- 
teriological evidence  that  the  tubercle  bacilli  in  lupus  are  not  only 
few  in  number  but  not  infrequently  lose  their  acid-fast  character. 

The  lipolytic  determinations  were  made  with  'the  following  sub- 
strates: ethyl  butyrate,  10  per  cent  butter  fat  emulsion,  and  10  per 
cent  oUve  oil  emulsion.  One  experiment  was  made  in  which  the 
skin  powder  was  added  directly  to  the  olive  oil  without  the  addition 
of  water.  For  purposes  of  relative  orientation  we  have  used  a  prep- 
aration of  dog  liver,  prepared  in  a  similar  manner  to  the  skin,  with 
each  substrate. 


Material. 

Substrate. 

Ethyl 
butyrate. 

Butter  fat. 

Olive  oil 
emulsion. 

Olive  oil. 

1.5 

0.5 

0..37 

0.75 

0.1 

0.15 

0.1 

0.15 

0.0 

0.23 

0.23 

0.25 

0.25 

0.20 

0  20 

0.20 

0-74 

0  6 
0.95 
0.66 

2,00 
0.65 
0..S9 
0  50 

0.55 
0.6 

3.5 
0.45 

0.47 
0.,i 

0.5 
0.47 

0 .  S6 

0..54 
0.75 

6.0 

0.22 

«              << 

0.14 

«              « 

0.12 

«              .< 

0.20 

Cat                

0.15 

Frog 

Dog               

0.15 

u 

Rabbit 

0.35 

0.15 

In  all  cases  the  incubation  was  for  24  hours  at  45°C.  and  the  re- 
sulting acidity  has  been  expressed  in  cc.  of  0.05  n  sodium  hydroxide. 

Calalase. — The  catalase  content  of  the  skin  was  determined  by  the 
ordinary  volumetric  method  and  the  results  are  expressed  in  the  ac- 
companying charts  in  cc.  of  oxygen  liberated  by  100  mg.  of  the  dried 
skin  from  50  cc.  of  a  50  per  cent  peroxide  solution. 
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It  will  be  observed  that  there  is  considerable  variation  in  the  skins, 
from  the  43  cc.  liberated  in  30  minutes  by  the  young  chicken  skin  to 
none  in  the  case  of  frog  skin.  The  skin  of  the  depancreatized  dog  re- 
tained its  catalase  content  despite  the  fact  that  the  content  of  the 


Text-Fig.  2.    Determination  of  the  calalase  content  of  the  skin  of  diiTereni 
animals. 


other  tissues  (liver  and  heart  muscle),  as  determined  by  Kennedy 
and  Burge  (4),  is  decidedly  reduced  (Text-fig.  2).  A  comparison  of 
the  fetal  and  adult  skin,  made  on  the  skin  of  pigs,  would  indicate  that 
the  fetal  skin  contained  considerably  more  catalase  than  that  of  the 
adult  (Text-fig.  3). 
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For  purposes  of  orientation  we  have  studied  two  normal  human 
skins  from  accident  cases  and  two  skins  from  pathological  postmor- 
tem material,  one  acute  alcoholism,  the  other  pregnancy,  abortion, 
and  peritonitis.  The  normal  skins  are  evidently  higher  in  catalase 
content  than  tlie  skins  from  the  pathological  cases,  but  without  an 


MINUTES    4  &  \Z  16  20  2.+  Z&   30 

Text-Fig.  3.     Comparison  of  the  catalase  content  of  the  fetal  and  adult  skin. 

extended  series  of  observations  it  would  be  impossible  to  draw'definite 
conclusions  concerning  this  point  (Text-fig.  4). 

Diastatic  Fermenls. — Progressively  diminishing  amounts  of  the  skin 
suspension  were  incubated  for  24  hours  with  2  cc.  of  a  1  per  cent  solu- 
tion of  starch,  and  the  digestive  activity  was  titrated.  The  relative 
diastatic  activity  of  the  tissues  was  found  to  be  as  follows: 
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3T 


24  kn. 

Fclal  pig ''^ 

Chicken 1^ 

Liver '    '^ 

Boy 12 

Frog '- 


24  hrs. 

Cat 12 

Human '* 

Guinea  pig "* 

Pig ^ 

Rabbit 2 


MINUTES 


26  30 


Text-Fig  4  Catalase  content  of  two  normal  skins  and  two  skins  froni  patho- 
logical postmortem  material,  one  acute  alcoholism,  the  other  pregnancy,  abortion, 
and  peritonitis. 

DISCUSSION    AND    SUMMARY. 

That  a  definite  change  in  the  reactivity  of  the  skin  takes  place  dur- 
ing the  transition  from  infancy  to  childhood  has  been  repeatedly 
noted  Roily  (5),  working  with  a  variety  of  bacterial  toxins,  found 
that  infants  did  not  react,  but  that  reactions  occurred  with  advancing 
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age.  Similarh-  Tezner  (6),  using  Witte's  peptone,  colon  bacilli,  and 
tuberculin  observed  that  at  about  the  period  that  the  skin  of  children 
became  increasingly  sensitive  to  tuberculin,  a  corresponding  reac- 
tivity was  manifest  toward  the  other  antigens.  It  seems  possible  to 
us  that  this  phenomenon  is  related  to  the  alteration  in  the  ferments 
of  the  skin  that  takes  place  during  the  transition  period.  Thus  while 
the  protease  of  the  adult  type  of  skin  causes  a  definite  autolysis,  that 
of  the  fetal  skin  does  not,  the  synthetic  potential  evidently  predomi- 
nating. Of  greater  significance  seems  to  be  the  fact  that  the  skin 
of  the  young  animal  contains  peptidase  to  a  considerable  amount,  while 
the  adult  skin  seems  to  be  without  this  ferment  acti\'ity. 

If  we  assume  that  the  disintegration  of  the  native  protein  of  the 
antigen  is  essential  in  eliciting  certain  skin  tests,  it  would  seem  proba- 
ble that  the  splitting  would  be  less  apt  to  take  place  in  the  young 
skin  in  which  the  lytic  effects  of  the  ferments  are  relatively  suppressed. 
On  the  other  hand,  the  young  skin,  containing  peptidase,  would  be 
able  to  digest  rapidly  any  antigen  consisting  of  partially  hydrolyzed 
proteins — as  tuberculin — and  in  this  way  detoxicate  and  remove  the 
noxious  material.  From  these  considerations  the  undoubted  alteration 
of  the  skin  reactivity  taking  place  after  infancy  seems  definitely  cor- 
related with  changes  in  the  proteolytic  ferments.  In  how  far  they 
enter  into  and  alter  the  specific  reactions  cannot  be  determined  from 
the  limited  data  so  far  available. 

Of  the  other  ferments,  the  lipases,  as  pointed  out  by  Porter,  are 
possibly  of  importance  in  the  resistance  of  the  skin  to  tuberculous  in- 
fection. It  will  be  observed  from  the  table  that  the  activity  of  these 
skin  ferments  is  less  manifest  in  their  action  as  esterases,  on  ethyl 
butyrate,  than  on  the  neutral  fats  used,  oleic  oil  and  butter  fat,  in 
this  way  differing  from  the  activity  of  the  serum.  The  relative  resist- 
ance of  the  skin  to  tuberculous  infection  can,  however,  hardly  be  due 
to  the  activity  of  the  lipase  alone,  for  it  must  be  kept  in  mind  that 
the  lepra  bacillus,  also  rich  in  lipoids,  is  enabled  to  proliferate  well 
within  the  epithelial  tissues. 


282  SKIN   FERMENTS 

BIBLIOGRAPHY. 

1.  Kolmer,  J.  A.,  Bull.  Johns  Hopkins  Hosp.,  1917,  xxviii,  163. 

2.  Sherrick,  J.  W.,  /.  Am.  Med.  Assn.,  1915,  Ixv,  404. 

3.  Porter,  A.  E.,  MUnch.  med.  Woch.,  1914,  Ixi,  1775. 

4.  Kennedy,  J.,  and  Burge,  W.  E.,  Arch.  Int.  Med.,  1917,  xx,  892. 

5.  Roily,  P.,  MUnch.  med.  Woch.,  1911,  Iviii,  1285. 

6.  Tezner,  E.,  Monatschr.  Kinderheilk.,  Orig.,  1911,  x,  131. 


INTRAVENOUS  SEROTHERAPY  OF  WEIL'S  DISEASE 
(SPIROCH/ETOSIS  ICTEROH^MORRHAGICA).* 

Bv  RYOKICHI   IN.\DA,   M.D.,   YUTAKA  IDO,   M.D.,  ROKURO   HOKI,   M.D., 
HIROSHI  ITO,  M.D.,  and  HIDETSUNE  WANI,  M.D. 

{From  the  First  Medical  Clinic  of  the  Imperial  University  in  Kyushu,  Fukuoka, 
Japan.) 

(Received  for  publication,   September  4,  1917.) 

We  have  already  reported'  the  results  of  our  studies  with  subcu- 
taneous injections  of  immune  serum  in  spirochetosis  icterohasmor- 
rhagica.  In  the  present  article  are  presented  the  results  of  injections 
made  by  the  intravenous  method,  which  has  in  the  main  been  em- 
ployed in  the  serotherapy  of  Weil's  disease  since  May,  1916.  The 
number  of  patients  treated  in  this  manner  in  our  clinic  from  May, 
1916,  to  November,  1916,  was  41.  We  found  that  the  intravenous 
injection  of  immune  serum  far  exceeds  in  potency  the  subcutaneous 
injection.  An  explanation  of  this  finding  may  be  sought  in  the  fact 
that  the  therapeutic  effect  of  serum  injected  directly  into  the  blood 
stream  is  500  times  more  potent  than  when  it  enters  the  organism  by 
the  subcutaneous  route  (Berghaus). 

Experiments  to  show  the  comparative  effects  of  the  subcutaneous 
and  intravenous  administration  of  serum  in  Weil's  disease  were  un- 
dertaken with  seven  rabbits,  the  animals  receiving  0.5  to  1  cc.  of 
immune  serum  per  kilo  of  body  weight.  At  various  intervals  the 
blood  of  the  animals  was  examined  for  spirocheticidal  and  spiro- 
chetolytic  immune  bodies.  The  blood  was  taken  from  the  ear  vein 
on  the  side  opposite  the  one  in  which  the  intravenous  injection  was 
made.     The  results  of  these  experiments  are  given  in  Table  I. 

The  immune  bodies  could  be  demonstrated  as  complete  5  minutes 
after  the  intravenous  injection  of  0.5  cc.  of  serum  per  kilo  of  body 
weight,  while  with  the  subcutaneous  method  the  immune  bodies 

*  Presented  at  the  meeting  of  the  Japanese  Hygiene  Association,  April,  1917. 
'  Inada,  R.,  Ido,  Y.,  Hoki,  R.,  Ito,  H.,  and  Wani,  H.,  J.  Exp.  Med.,  1916,  xxiv, 
485. 
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could  be  detected  only  8  hours  after  the  injection  and  were  then  not 
completely  absorbed.  This  passive  immunity  continued  for  3  or  4 
daj's.  Complete  immunity  could  not  be  obtained  in  man  with  the 
use  of  the  small  dose  injected  subcutaneous!}',  but  when  larger  doses 

TABLE  I. 

Immune  Bodies  in  Rabbits  Infected  with  the  Blood  of  Patients  Having  Weil's  Disease. 


Pfeifter's  phenomenon. 

Method  of 
injection. 

1 

E 

s 

.After  serum  injection. 

Min. 

His. 

Days. 

B 

1 

IS. 
< 

•a 

m 

< 

S 

15 

30 

1 

3 

S 

8 

12 

24 

2 

3 

4 

5 

6 

7 

8 

cc. 

cc. 

gm. 

1 

Intravenous. 

1.25 

0.5 

2.500 

— 

+ 

4- 

+ 

+ 

+ 

- 

2 

" 

2.5 

1.0 

2,500 

- 

+ 

+ 

+ 

+ 

+ 

- 

- 

.3 

Subcutaneous. 

2.1 

1.0 

2,100 

- 

- 

- 

— 

+ 

+ 

+ 

± 

- 

4 

" 

1.7 

0.5 

3,400 

- 

- 

- 

- 

- 

- 

± 

± 

± 

- 

3 

" 

1.55 

0.5 

3,100 

- 

- 

- 

- 

± 

± 

± 

± 

± 

± 

— 

6 

" 

3.1 

1.0 

3,100 

— 

- 

- 

- 

— 

± 

± 

± 

± 

± 

- 

7 

Intravenous. 

1.45 

0.5 

2,900 

- 

+ 

+ 

+ 

- 

- 

Titer  of  Serum  Employed  in  the  Experiments. 

PfeiSer's  phenomenon. 

Course  of  disease. 

li 

Remarks. 

No.  of  spirochetes. 

<  o 

- 

0.001 

Liver  emulsion    (10 

spi- 

Died 5th  day  of  icterus. 

Control  died  4tli  day  o 

rochetes  per  field)  1 

ce. 

icterus. 

0.005 

"      16th    day    without 
icterus.     Autopsy  neg- 

" 

ative. 

—  indicates  no  immune  bodies;  -f-  immune  bodies  complete;  ±  immune  bodies 
incomplete. 

were  given  a  complete  passive  immunity  was  attained  also  with  the 
subcutaneous  method. 

The  sera  used  were  obtained  from  horse's  blood  as  follows:  No.  2, 
February  26,  1916;  No.  6,  August  7;  No.  7,  August  7;  and  No.  8, 
August  19.     One  of  llu-  horses  was  immunized    from  the  beginning 
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with  a  living  culture  of  Spiroclucta  icterolucmorrhagia:.;  four  others 
received  first  an  inoculation  of  the  killed  culture,  followed  later  by 
the  hving  culture.  The  latter  procedure  can  be  more  readily  carried 
out.  The  animal  receiving  the  living  culture  showed  on  the  7th 
day  a  temperature  of  39°C.  All  the  horses  were  immunized  by  a 
uniform  procedure. 

Titer. — The  titer  of  the  immune  serum  was  determined  by  testing 

TABLE  II. 

Titer  of  Serum. 


No.  of 

Pfeiffer's  phenomenon. 

Course  of  disease. 

Remarks. 

serum. 

Amount 
of  serum. 

No.  of  spirochetes. 

2 

0.005 
0.01 

Liver    emulsion     ( 10 
per  field)  1  cc. 

Died  12th  da.v  of  ic- 
terus. 

Died  18th  day  with- 
out   icterus.      -\u- 
topsy  negative. 

Control  died  4th  day 
of  icterus. 

6 

0  01 

Liver    emulsion     ( 10 
per  field)  1  cc. 

Well  for  more   than 
a  month. 

Control  died  4th  day 
of  icterus. 

7 

■0  01 
0.03 

Liver    emulsion     (10 
per  field)  1  cc. 

Died     10th    day    of 

icterus. 
Well  for  more  than  a 

month. 

Control  died  4th  day 
of  icterus. 

8 

0.01 

Liver    emulsion     ( 10 
per  field)  1  cc. 

Well  for  more  than  a 
month. 

Control  died  4th  day 
of  icterus. 

the  quantity  which  would  protect  a  guinea  pig  weighing  200  gm. 
against  infection  from  1  cc.  of  pure  culture  containing  10  spirochetes 
per  field  (Leitz  ,2  oil  immersion,  ocular  3).  The  spirocheticidal  titer 
of  the  serum  was  0.01  and  0.03  cc;  it  has  been  found  that  a  titer  of 
0.01  cc.  suffices  for  the  serotherapy  of  Weil's  disease.  Table  II  shows 
the  spirocheticidal  and  spirochetolytic  effects  of  the  immune  sera. 

The  experiments  were  made  with  sterile  sera  without  preservative 
(phenol).  As  shown  in  Table  II,  Sera  2,  6,  and  8  were  more  effective 
than  No.  7. 
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Dose. — As  a  rule,  60  cc.  of  serum  were  injected  intravenously,  irre- 
spective of  the  severity  of  illness,  sometimes  the  entire  quantity  being 
given  within  24  hours;  or  40  cc.  in  a  day,  and  the  remaining  20  cc. 
the  following  day;  or  20  cc.  daily  for  3  successive  days.  We  cannot 
at  present  state  definitely  which  procedure  is  to  be  preferred,  and  in 
order  to  determine  this  point,  it  will  be  necessary  to  make  observa- 
tions on  a  larger  number  of  patients  than  is  here  presented.  In  any 
case,  it  is  clear  that  the  dose  depends  upon  the  severity  of  the  dis- 
ease. The  entire  amount  of  60  cc.  is  not  needed  in  the  treatment 
of  the  less  severe  cases,  although  this  quantity  is  always  put  up  for 
an  individual  dose.  In  milder  cases,  the  injection  of  from  20  to  40 
cc.  of  serum  is  sufficient. 

As  is  the  usual  custom,  the  serum  was  introduced  into  the  vein 
of  the  arm.  Previous  to  the  injection  2  to  3  cc.  of  serum  were  in- 
jected subcutaneously  into  the  chest  'or  the  thigh  of  the  patient. 
The  arm  injection  was  then  made  2  or  3  hours  later,  the  serum  being 
permitted  to  run  in  slowly,  allowing  5  minutes  for  the  introduction 
of  20  cc.  The  serum  should  be  warmed  to  body  temperature  before 
use. 

Day  of  Injection. — This  has  an  important  bearing  on  the  course  of 
the  disease.  As  already  emphasized,  the  action  of  the  immune  serum 
is  spirocheticidal  and  spirochetolytic.  The  best  results  are  obtained 
when  the  injection  is  made  at  an  early  stage  of  the  disease.  The 
question  now  arises:  Up  to  what  day  of  illness  may  the  injections  be 
continued  with  success?  This  period  can  be  determined  by  studying 
(1)  the  infectivity  of  the  patient's  blood  for  guinea  pigs,  (2)  the  dis- 
tribution of  the  spirochetes  in  the  organs  at  various  stages,  and  (3) 
from  clinical  observations  of  patients  receiving  the  intravenous 
treatment.  Table  III  gives  the  infectivity  of  the  blood  on  various 
days  of  the  disease.  It  is  based  on  42  cases  treated  recently,  and  69 
older  cases.  It  will  be  observed  that  the  infectivity  diminishes 
gradually  in  the  course  of  the  disease.  On  the  basis  of  these  findings 
it  would  seem  that  the  intravenous  injection  is  effective  up  to  the 
5  th  day. 

The  investigations  of  Kaneko  and  Okuda  concerning  the  distribution  of  spiro- 
chetes in  the  organs  in  Weil's  disease  indicated  that  the  liver  harbors  few  or 
wholly  degenerated  forms  on  the  7th  day.     In  two  patients  on  whom  a  post- 
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mortem  examination  was  made  on  the  6th  day,  spirochetes  were  foimd  in  mod- 
erate numbers,  though  not  so  numerously  as  in  the  guinea  pig.  According  to 
this,  as  already  stated,  we  may  expect  the  intravenous  injection  to  be  successful 
up  to  the  5th  day.  From  our  clinical  observations,  an  undoubted  effect  can  be 
obtained  up  to  the  6th  day  of  illness.    We  had  few^  cases  of  this  kind,  however. 

Four  patients  received  the  intravenous  injection  on  the  3rd  day, 
9  on  the  4th,  6  on  the  5th,  and  5  on  the  6th  day.  Patients  admitted 
at  a  later  stage  received  an  initial  intravenous  injection,  not  fol- 


Infectio)!  Experiments  on  Guinea  Pigs  with  the  Blood  of  Patients  Having  Weil's 
Disease. 
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1 

.   0 

1 
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1 

0 

Total  No. 

of  cases. . . 

69 

42 

111 

lowed  by  others.  12  of  the  patients  showed  no  icterus  on  admission, 
although  4  had  a  slightly  yellowish  pigmentation  of  the  conjunctivas. 
Of  these  12  patients,  6  failed  to  develop  icterus  in  the  further  course 
of  the  disease.  Classified  according  to  the  severity  of  illness,  we 
treated  6  shghtly  ill,  including  atypical  cases,  9  moderately  ill,  and 
26  severe  cases.  At  the  time  that  the  intravenous  treatment  was 
being  administered,  we  had  in  the  chnic  11   other  patients  who  re- 
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ceived  no  serum  treatment;  i.e..  4  atypical  cases,  1  slightly  ill,  and 
6  moderately  ill.  There  were  no  severe  cases  among  them.  It  will 
be  noted  that  the  serum  was  administered  in  the  main  only  to  those 
who  were  severely  or  moderately  ill. 

Age. — We  treated  9  patients  between  the  ages  of  16  and  20  years, 
9  between  21  and  30,  6  between  31  and  40,  10  between  41  and  50, 
4  between  51  and  60,  and  3  who  were  over  60  years  of  age.  We 
desire  to  add  here  that  our  patients,  in  addition  to  the  serotherapy, 
received  the  benefit  of  the  other  usual  methods  of  treatment  in 
Weil's  disease;  i.e..  the  intravenous  injection  of  Ringer's  solution 
and  the  subcutaneous  administration  of  camphor  and  cocaine. 

Spirocheticidal  and  Spirochetolytic  E£ect  of  the  Immune  Serum  Injected 
Intravenously. 

The  spirochetolytic  and  spirocheticidal  effects  of  the  serum  can  be 
most  readily  shown  when  the  spirochetes  are  demonstrable  in  the 
peripheral  blood  by  dark-field  illumination.  In  that  case  no  infec- 
tion experiments  need  be  made.  Up  to  the  present  time,  however, 
we  have  observed  this  to  be  true  in  onl}^  2  out  of  100  cases.  These 
2  cases  are  discussed  below. 

Case  1. — M.,  male;  age  47  years.  The  patient  was  admitted  to  the  clinic 
on  November  4,  1916,  on  the  3rd  day  of  illness.  This  was  a  severe  case.  The 
blood  showed  by  dark-field  illumination  1  spirochete  in  from  70  to  140  fields. 
1  hour  after  the  intravenous  injection  of  Serum  6,  no  spirochetes  could  be  de- 
tected in  two  preparations.  Blood  was  then  w-ithdrawn  from  the  arm  vein,  and 
two  guinea  pigs  received  each  an  intraperitoneal  injection  of  1  cc.  of  the  pa- 
tient's blood.  The  animals  became  ill  and  showed  typical  symptoms  1  or  2  days 
later  than  the  control  animals,  which  had  received  blood  withdrawn  prior  to  the 
injection  of  serum.  Although  no  spirochetes  were  found  in  two  preparations, 
the  blood  was  still  infectious. 

Case  5. — N.,  male;  age  65  years.  He  became  suddenly  ill  on  May  1,  1916, 
and  was  admitted  to  the  clinic  on  May  4,  the  4th  day  of  illness.  We  were  able 
to  demonstrate  numerous  Spirochmta  iderohccmorrhagia;  in  the  blood  by  dark- 
field  illumination  in  14  to  16  specimens  of  65  to  70  fields  each.  As  a  rule,  spi- 
rochetes are  not  readily  found  in  fresh  preparations.  The  findings  of  spirochetes 
before  and  after  serum  injections  were  as  follows: 

2  p.m.     Spirochetes  in  the  blood,  14  to  16  in  65  to  70  fickls. 

3  p.m.     17  cc.  of  Scrum  2  injected  subculaneously. 

6  p.m.     14  to  16  spirochetes  in  65  to  70  fields.  , 
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7  p.m.     10  to  16  spirochetes  in  65  to  70  fields. 

8  p.m.     20  cc.  of  Serum  2  injected  intravenously. 
10  p.m.     No  spirochetes  in  2  preparations. 

12  m.        No  spirochetes  in  3  preparations. 

1  a.m.  2  cc.  of  patient's  blood  injected  intraperitoneally  into  a  guinea  pig, 
which  remained  well  (May  14). 

1.30  a.m.     No  spirochetes  in  1  preparation. 

8.30  a.m.  3  cc.  of  patient's  blood  injected  intraperitoneally  into  a  guinea  pig, 
which  remained  well. 

2  hours  after  the  intravenous  injection  of  serum  in  Case  5,  we  were 
unable  to  find  any  microorganisms.  This  demonstration  of  the  spi- 
rocheticidal  and  spirochetolytic  action  of  the  immune  serum  in  man 
exactly  parallels  the  results  obtained  with  guinea  pigs.  The  patient 
died,  however,  at  5.30  p.m.  on  the  following  day.  But  the  unexpected 
results  obtained  in  this  case  induced  us  in  later  cases  to  employ  only 
the  intravenous  injection  method. 

The  experiments  demonstrate  clearly  the  spirocheticidal  and  spiro- 
chetolytic action  of  the  immune  serum,  which  is  capable  of  destroying 
the  spirochetes  in  the  blood  stream  within  a  short  period  of  time. 

In  the  other  thirty-nine  cases  spirochetes  could  not  be  readily  dem- 
onstrated in  the  blood  by  dark-field  illumination.  Hence  we  con- 
ducted infection  experiments  before  and  after  serum  injection,  simi- 
lar to  those  made  with  the  subcutaneous  serum  cases  (Table  IV). 
Table  V  gives  the  results  of  the  infection  experiments,  the  serum 
administered,  and  the  day  of  illness  when  the  blood  was  taken.  We 
have  omitted  from  the  table  the  cases  which  were  negative  with  the 
use  of  blood  drawn  before  serum  was  injected. 

The  infection  experiments  were  all  negative  following  the  injection 
of  20  cc.  of  Serum  2.  With  Serum  6,  only  one  experiment  was  posi- 
tive. In  this  instance  the  animal  was  inoculated  1  hour  after  the 
injection  of  the  patient.  It  appears  that  Sera  2  and  6  possessed 
markedly  potent  spirocheticidal  and  spirochetolytic  properties,  while 
No.  7  was  less  effective;  the  titer  of  the  latter  serum  was  0.03  cc. 
Although  the  infection  experiments  were  positive  with  blood  taken 
after  the  injection  of  Serum  7,  the  animals  became  typically  ill  much 
later  than  the  animals  receiving  blood  drawn  before  the  injection. 
The  difference  in  the  duration  of  the  life  of  the  animals  in  the  two 
groups  was  from  3  to  7  days,  as  in  Cases  10,  11,  12,  13,  19,  and  25. 
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Cases  1  and  4  are  exceptions.  It  is  evident  that  the  serum  was 
potent  after  3  hours,  although  it  was  incapable  in  this  short  period  of 
time  of  destroying  completely  the  spirochetes  contained  in  the  blood. 
This  is  true  also  of  Serum  8. 

The  time  elapsing  between  the  injection  of  serum  and  the  with- 
drawal of  blood  varied  from  1  to  iS  hours,  the  usual  interval  being 
3  hours.     Table  VI  gives  the  infection  experiments  carried  out  with 

TABLE  V. 

Infection  Experiments  with  Patients^  Blood  Withdrawn,  before  and  after  Intravenous 
Injection  of  20  Cc.  of  Serum. 

Positive  Infections. 


Day  of  illness. 

No  of  serum. 

.i 

1 

5 

6 

Before 

After 

Before 

After 

Before 

After 

Before 

After 

Before 

After 

injec- 
tion. 

injec- 
tion. 

injec- 
tion. 

injec- 
tion. 

injec- 

injec- 
tion. 

injec- 
tion. 

injec- 
tion. 

injec- 
tion. 

tion. 

2 

4 

0 

1 

0 

1 

0 

2 

0 

6 

1 

1 

1 

0 

3 

0 

1 

0 

1 

0 

7 

3 

1 

3 

3 

1 

1 

1 

1 

8 

1 

1 

1 

0 

TABLE   VI. 

Infection  Experiments  with  Blood  W ithdrawn  after  Serum  Injections. 


Time  between  serum  inj'ection 
and  withdrawal  of  blood. 

Infect 

on  experiments  before 

Infectio 

n  experiments  after  serum 
injection. 

Ins. 

1-3 

+  19 

-  13 

+    6 

Over  5 

+    5 

-    4 
+    1 

blood  withdrawn  after  serum  injection.  These  results  show  that 
serum  having  a  titer  of  0.01  cc,  given  intravenously  in  doses  of  20 
CO.,  after  3  hours  destroys  completely  spirochetes  contained  in  the 
peripheral  blood,  which  then  is  incapable  of  infecting  guinea  pigs. 
While  with  the  use  of  sera  having  a  titer  of  0.03  cc,  we  found  3  hours 
after  injection  incomplete  destruction  of  spirochetes  in  the  blood, 
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the  an'mals  became  typically  ill  later  than  the  controls.  It  would 
appear,  then,  that  the  spirochetes  had  become  reduced  in  number  or 
had  lost  some  of  their  virulence. 

Behavior  of  the  Immune  Bodies  in  the  Blood. 

Experiments  were  conducted  with  the  blood  of  twenty  patients. 
Owing  to  a  shortage  of  guinea  pigs,  we  were  not  able  to  inject  the 
animals  immediatel)'  after  withdrawal  of  the  blood,  and  the  fluid  was 
placed  in  the  refrigerator  until  it  could  be  used.  Unfortunately, 
most  of  these  specimens  became  contaminated.  The  results  of  our 
investigation  for  the  presence  of  immune  bodies  in  the  blood  during 
the  course  of  the  disease,  after  intravenous  injection  of  immune  sera, 
are  shown  in  Table  VH. 

The  immune  bodies  appear  in  the  blood  much  earlier  with  intra- 
venous  than   with   subcutaneous   injections.     They   are   present  as 

TABLE   VII. 
Appearance  of  Immune  Bodies  in  the  Serum  of  Intravenously  Injected  Patients. 


Case  No. 

Day  of  ill- 
ness when 
serum  was 
injected. 

Day  of  illness  when  blood  was  withdrawn. 

6 

7 

8 

9 

10 

11 

12 

8 

4 

_ 

+ 

4 

3 

- 

+ 

2 

3 

- 

11 

4 

- 

+ 

10 

4' 

+ 

7 

4 

+ 

6 

4 

±(+7) 

+ 

14 

5 

+ 

38 

5 

+ 

19 

,S 

+ 

l.S 

5 

*(+4) 

+ 

23 

6 

— 

+ 

24 

6 

+ 

+ 

21 

6 

+ 

20 

6 

+ 

30 

7 

- 

+ 

ii 

7 

+ 

28 

7 

+ 

29 

7 

+ 

34 

8 

+ 
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earh'  as  the  8th  or  9th  day,  which  does  not,  as  a  rule,  occur  when 
the  patient  has  received  no  serum  treatment.  They  may  be  observed 
after  the  introduction  of  60  cc.  of  immune  serum. 

In  one  of  the  cases  referred  to  the  immune  bodies  appeared  as 
early  as  the  6th  day,  before  the  administration  of  serum  was  begun. 
It  is  possible  that  in  this  instance  an  error  has  been  made  in  com- 
puting the  day  of  illness,  inasmuch  as  we  have  never  observed  a 
similar  result  with  other  non-serum-treated  cases. 

Mortality. 

The  total  mortality  with  the  use  of  the  intravenous  injections  was 
23.7  per  cent.  Of  forty-one  patients  under  observation,  twelve  died. 
We  have  not  included  in  our  tabulations  a  patient  who  after  recovery 
from  the  disease  died  on  the  55th  day  from  complications,  a  patient 
admitted  to  the  clinic  in  moribund  condition  who  died  after  29  hours 
(numerous  spirochetes  could  be  demonstrated  in  the  blood),  and  an- 
other, admitted  when  moribund,  who  died  after  31  hours.  The 
mortality  of  patients  receiving  no  serum  was  30.6  per  cent.  In 
the  subcutaneously  injected  patients,  the  percentage  was  17.3. 
This  low  mortality  in  the  case  of  the  subcutaneously  injected 
patients  is  attributable  to  the  fact  that  in  this  group,  which  entered 
before  the  8th  day  of  illness,  only  five  patients  were  over  40  years 
of  age,  while  in  the  group  of  intravenously  injected  patients,  twelve 
were  over  that  age. 

Since  in  the  moderate  and  slight  forms  of  Weil's  disease  death  re- 
sults from  complications,  we  shall  consider  particularly  the  severer 
cases  of  the  disease.  As  the  serum  is  effective  only  when  adminis- 
tered in  the  initial  stage,  we  have  not  considered  in  our  study  pa- 
tients admitted  after  the  6th  day.  The  mortality  of  patients  who 
were  admitted  before  the  7th  day  and  received  no  serum  was  57.1 
per  cent,  of  the  subcutaneously  injected  patients  40  per  cent,  and 
of  the  intravenously  injected  patients  38.5  per  cent. 

It  is  clear  that  the  total  mortality  figures,  particularly  the  mor- 
tality of  the  severer  cases,  is  considerably  lower  in  the  case  of  intra- 
venous and  subcutaneous  serum  administration  than  in  the  non- 
serum-treated  cases. 
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In  judging  the  results,  one  should  take  into  account  factors  which 
strongly  influence  the  prognosis.  Among  these  factors  must  be 
counted  the  age  of  the  patient,  the  severity  of  the  illness,  the  season 
of  its  occurrence,  and  above  all  the  day  of  illness  on  which  serum 
was  first  administered.  One  must  also  consider  whether  the  cases 
occur  in  epidemic  form  or  sporadically.  The  difficulty  of  estimating 
the  results  is  further  increased  by  the  fact  that  often  at  the  onset 
it  is  not  possible  to  judge  precisely  the  degree  of  severity  of  the  dis- 
ease, while  on  the  6th  or  8th  day  an  error  in  prognosis  is  unusual. 
Table  VIII  shows  the  influence  of  the  age  of  the  patient  upon  the 
prognosis. 

TABLE  VIII. 

Mortality  and  Age. 


Age. 

Without  serum  treatment. 

Intravenous  serum 

Inada. 

Nagao. 

yrs. 

per  cent 

ptr  cent 

per  cent 

Up  to  20 

12.5 

60.0 

0 

21-30 

21.0 

17.9 

12.5 

31-40 

23.5 

20.0 

0 

41-.S0 

21.4 

35.0 

42.8 

51-60 

75.0 

50.0 

5i.i 

Over  60 

50.0 

75.0 

100.0 

Of  21  patients  less  than  40  years  old,  admitted  from  the  3rd  to  the 
7th  day  of  illness,  who  were  treated  by  intravenous  injections  of 
serum,  only  1  died.  This  was  a  patient  admitted  on  the  7th  day. 
The  21  cases  included  4  slightly  ill,  7  moderately  ill,  and  10  severely 
ill  patients.  Of  the  12  patients  over  40  years  of  age — 2  slightly  ill  and 
10  severely  ill — 7  died.  Prior  to  the  age  of  40,  a  good  result  is  in- 
sured from  the  serum  injections,  but  after  50  the  outlook  is  not  fav- 
orable; the  older  persons  constitute,  in  fact,  the  severest  cases  of  the 
disease.  When  we  compare  10  severe  cases  below  40  years  with  10 
above  that  age,  we  find  among  the  first  only  1  death  as  against  7 
deaths  in  the  older  group.  It  is  e\adent  that  the  years  above  40 
exert  an  unfavorable  influence  on  the  prognosis  of  Weil's  disease, 
and  this  is  especially  true  when  the  disease  appears  in  severe  form. 
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Effect  of  Intravenous  Serotherapy  on  the  Spirochetes  in  the  Organism. 

The  spirochetolytic  action  of  the  immune  serum  upon  the  spiro- 
chetes in  the  human  body  is  more  pronounced  with  the  intravenous 
than  with  the  subcutaneous  injection.  Kaneko  and  Okuda  have 
studied  this  phase  of  the  subject.^ 

Effect  of  Serotherapy  upon  the  Symptoms  and  Course  of  Weil's  Disease. 

Severity  of  Illness. — When  the  serum  is  administered  early,  the 
disease  appears  to  assume  a  milder  form.  As  already  stated,  it  is 
difficult  at  the  beginning  to  judge  the  precise  degree  of  illness.  We 
observed  one  patient  moderately  ill  and  another  slightly  ill,  who 
after  the  serum  injection  could  be  grouped  with  the  atypical  cases. 
It  is,  however,  not  possible  to  assert  that  this  change  is  wholly  attrib- 
utable to  the  serum;  it  may  be  that  the  disease  in  these  cases  would 
have  run  a  less  severe  course  without  the  administration  of  serum. 
But  when  we  study  the  influence  of  the  intravenous  injection  upon 
the  different  symptoms,  we  find  that  on  the  whole  they  are  consid- 
erably diminished  and  shortened  in  duration. 

Fever  appears  not  to  be  influenced  by  the  serum  to  any  extent, 
even  in  cases  where  serum  is  administered  early  in  the  disease.  In 
fact  we  often  observed  a  rise  in  temperature  after  an  injection,  though 
it  is  not  possible  to  say  that  this  was  due  to  the  action  of  the  serum. 

The  immune  serum  has  a  favorable  effect  on  the  duration  of  the 
icterus.  The  exact  time  of  disappearance  cannot  be  definitely  stated 
on  the  basis  of  an  examination  made  of  the  skin  and  mucous  mem- 
branes, inasmuch  as  anemia  usually  follows  recovery.  We  have, 
therefore,  taken  as  an  index  Gmelin's  urine  test,  which  has  been  used 
in  our  clinic  during  the  past  10  years.  Without  serum  treatment,  the 
icteric  condition  usually  continues  for  a  period  of  20  days  or  more  in 
the  severe  cases,  sometimes  as  long  as  30  days;  and  in  the  moderately 
ill  14  to  30  days,  occasionally  more  than  that  time.  In  the  cases  re- 
ceiving subcutaneous  serum  treatment,  the  icterus  continued  for  an 
equal  length  of  time.  No  definitely  favorable  effect  was  observed, 
even  in  the  cases  receiving  an  injection  as  early  as  the  3rd  or  4th 

-  Their  work  is  reported  in  detail  on  page  305  in  this  Journal. 
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day  of  illness.  On  the  other  hand,  the  icterus  of  the  intravenously 
treated  patients  in  most  cases  disappeared  within  20  days,  in  the 
earliest  case  on  the  13th  day.  No  such  finding  was  ever  observed  in 
the  non-serum-treated  cases  or  in  those  receiving  subcutaneous  in- 
jections. Of  the  severe  cases  receiving  the  intravenous  injection 
prior  to  the  6th  day.  in  only  two  did  the  icterus  last  more  than  20 
days.  The  longest  period  was  12  to  14  days  in  moderately  severe 
cases.  When  the  injection  of  serum  is  deferred  until  after  the  6th 
or  7th  day,  the  icteric  condition  will  continue  as  long  as  it  would 
if  no  serum  had  been  given.  We  cannot  state  definitely  whether  an 
injection  made  on  the  1st  or  2nd  day  is  capable  of  suppressing  the 
icterus  completely,  but  this  is  probable.  Of  the  eight  patients  who 
received  serum  treatment  on  the  3rd  or  -Ith  day  and  at  that  time 
showed  no  signs  of  icterus,  three  remained  without  jaundice  through- 
out. In  any  event  we  may  say  that  the  duration  of  the  icterus  is 
shortened  considerably  when  the  intravenous  injections  are  given 
early  in  Weil's  disease.  The  intensity  of  the  icterus  in  most  cases 
is  greatly  diminished  by  the  intravenous  injections  (Tables  IX,  X, 
and  XI). 

The  serum  has  likewise  a  decided  influence  upon  hemorrhages. 
This  was  observed  to  a  slight  extent  also  with  the  subcutaneous  in- 
jections. As  a  rule,  cutaneous  hemorrhages  continue,  but  they  are  less 
pronounced  in  character.  The  percentage  of  petechiag  in  the  pa- 
tients receiving  intravenous  treatment  was  70.7,  while  in  those  re- 
ceiving no  serum  it  was  72.2.  Although  there  is  little  difference  in 
the  figures,  the  duration  of  this  symptom  in  the  first  group  was  con- 
siderably shorter.  In  half  of  the  non-serum-treated  cases  the  pe- 
techias continued  for  10  days,  while  in  the  cases  which  received 
serum  intravenously  (admitted  from  the  1st  to  the  6th  day  of  ill- 
ness) only  a  third  showed  this  symptom  for  more  than  9  days.  The 
number  and  size  of  the  petechial  spots  were  also  reduced.  Hemor- 
rhage from  the  nose  occurred  also  with  serum  treatment,  but  the 
percentage  was  somewhat  smaller;  that  is,  29.3  against  32.7  per  cent. 
Hemorrhages  from  the  mucous  membranes,  gums,  and  tongue,  and 
hematoma  of  the  buccal  mucosa  continued  to  occur.  In  the  intrave- 
nously treated  cases  the  proportion  was  41.5  per  cent,  in  the  non- 
serum-treated  cases,  43.5  per  cent.     When  the  intravenous  injection 
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was  given  early,  within  the  first  6  days,  the  percentage  was  30.6. 
This  is  true  of  intestinal  hemorrhages,  which  may  be  reduced  one-half 
by  the  intravenous  injections.     Table  XII  gives  in  percentages  the 

TABLE   IX. 
Duration  of  Icterus  with  Intravenous  Serum  Injection. 


Day  of  illness  when 
serum  was  injected. 

Degree  of  illness. 

Duration  of  icterus. 

3     . 
(four  cases). 

.\t\-pical. 
Severe. 

days 

Without  icterus.    Icterus  only  of 

conjunctiva  bulbi. 

13 

17 

4 

(6ve  cases). 

.\t>'pical. 
Severe. 

Moderately  severe. 
Severe. 

Without  icterus. 
15 
14 
15 
23 

5 
(five  cases). 

Moderately  severe. 
Severe. 

Moderately  severe. 
Severe. 

Without  icterus. 

8 

12 

16 

21 

6 

•"six  cases). 

At\'pical. 
Slight. 

Moderately  severe. 
Slight. 

Moderately  severe. 
Severe. 

Without  icterus.     Icterus  only  of 
conjunctiva  bulbi. 
11 
12 
13 
18 

7 
'six  cases). 

Severe. 
Moderately  severe. 

Severe. 

16 
14 
16 
17 
23 
.   30 

(two  cases'). 

Moderately  severe. 
Severe. 

16 

28 

9 
(two  cases). 

Moderately  severe. 
Severe. 

13 

23 

Total  30 
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hemorrhages  occurring  in  the  non-serum-treated  cases,  the  intra- 
venously treated  cases,  and  of  the  latter  those  receiving  serum  in- 
jections at  an  early  stage.  The  table  also  shows  the  percentages  of 
hematemesis  and  epistaxis. 

T.^BLE  X. 

Duration  of  Icterus  with  Subcutaneous  Serum  Injection, 


Day  of  illness  when 
senim  was  injected. 


Duration  of  icterus. 


(one 


,  .\t\-pica 

easel. 


days 

4 


(one  case). 


(three  cases). 


Severe. 

Moderately  severe. 
Severe. 


(si.x  cases). 


Slight. 
Severe. 
Moderately  severe  (approaching 

slight  form). 
Severe. 

Moderately  severe. 
Severe. 


Severe. 


(three  cases). 


8 
(five  cases). 


Slight. 

Moderately  severe  (approaching 

slight  form). 
Moderately  severe. 


"      (approaching 


severe  form). 


9 
(one  case). 


13 
(one  case). 


Total  21 


Severe. 


17  (died  on  34th  day). 
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From  the  above  considerations  we  may  .conclude  that  the  early 
intravenous  injection  of  immune  serum  has  a  decidedly  favorable  in- 
fluence upon  the  hemorrhagic  tendency  of  Weil's  disease,  and  par- 
ticularly upon  hemorrhages  from  the  mucous  membranes. 

TABLE    XI. 
Duration  of  Icterus  without  Serum  Treatment  in  Thirty-Six  Cases. 


Degree  of  illness. 

Duration  of  icterus. 

days 

Atj-pical. 

Icterus   only   of    conjunctiva    bulbi. 
5 
11 

Slight. 

" 

12 

Moderately  severe. 

14 

14 

"                " 

17 

Slight. 

17 

Jloderately  severe. 

18  (died  on  18th  day). 

Severe. 

20 

" 

20 

Moderately  severe. 

21 

Slight. 

22 

Moderately  se\-ere. 

22 

Severe. 

24 

" 

24 

" 

24 

« 

25 

" 

25 

Moderately  severe. 

22 

"                " 

25 

"               "     (approaching  severe  form). 

25 

"               " 

26 

"                " 

28(hadberi-beri). 

"                " 

29 

"                " 

30 

"               "      (approaching  severe  form). 

30 

Severe. 

30 

" 

31 

" 

34 

" 

374- 

Moderately  severe. 

37-H 

" 

3S-h 

"                " 

24-h 

Severe. 

f:^iSi^^-24+ 

" 

29+    (died  on   38th   day). 

302 


INTRAVENOUS    SEROTHERAPY    OF    WEIL  S    DISEASE 


TABLE    XII. 


Percentage  of  Hemorrhages  in  Ike  Serum-Treated  and  Non-Scrum-Trealed  Cases. 


Hemorrhages  from  tongue  and  mouth 

Intestinal  hemorrhages 

Hematemesis 

Bloody  stools 

Petechife 

Epistaxis 

Complications — suppurative  processes 


per  cent 

43.5 
30.2 
11.3 
15.1 
72.2 
32.7 
24.0 


Intravenous 
treatment. 


per  cent 

41.5 
22.0 
9.7 
7.3 
70.7 
29.3 
14.6 


Intravenous 
rum  treatment 

(26  cases 
dmitted  from 

.  -6  days). 


per  cent 

.30.6 

15,3 

7.6 

7.6 

69.2 

4.9 


We  have  not  observed  a  decidedly  favorable  influence  of  the  serum 
upon  the  pulse,  although  arrhythmia  was  a  less  frequent  symptom. 
It  occurred  in  20  per  cent  of  the  cases,  while  in  the  non-serum- 
treated  cases  the  figure  was  50  per  cent. 

Complications  such  as  suppurative  processes — parotitis,  skin  ab- 
scesses— were  found  in  14.6  per  cent,  in  patients  admitted  from  the 
3rd  to  the  6th  day  only  in  4.9  per  cent,  and  in  patients  receiving  no 
serum  treatment  in  24  per  cent  of  the  cases.  Thus  these  compli- 
cations are  greatly  reduced  with  the  early  use  of  the  serum. 

Summarizing  the  observations  on  such  symptoms  as  hemorrhage, 
particularly  of  the  mucous  membranes,  heart  rhythm,  and  sup- 
purative processes,  which  play  a  large  part  in  the  outcome  of  the 
disease,  we  are  justified  in  saying  that  the  intravenous  injection  of 
immune  serum  has  a  definitely  beneficial  effect. 

The  after-fever  was  found  to  occur  somewhat  more  frequently — in 
34.1  per  cent — while  without  serum  treatment  it  occurred  in  only  28.2 
per  cent.  The  greater  frequency  of  this  symptom  is  probably  refer- 
able to  the  fact  that  the  most  severely  ill  patients  who  recover  from 
the  disease  are  included  in  this  category.  As  the  time  of  greatest 
mortality  of  Weil's  disease  lies  between  the  8th  and  the  18th  days,  and 
the  after-fever,  as  a  rule,  does  not  begin  until  the  13th  or  15th  day,  it 
is  evident  that  this  symptom  does  not  usually  occur  in  the  cases 
ending  fatally.  The  percentage  of  after-fever  is  found  to  increase 
as  the  mortality  decreases. 
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On  two  occasions  following  the  injection  of  Serum  7,  and  once 
after  Serum  2,  the  patients  had  chills  followed  by  a  rise  in  tem- 
perature. Serum  rash  occurred  three  times  after  the  administration 
of  Serum  2.     There  were  no  anaphylactic  manifestations. 

Among  18  patients  who  returned  for  examination  after  several 
months  we  found  8  who  showed  more  or  less  marked  ocular  disturb- 
ances. These  18  cases  comprised  10  severe,  5  moderately  severe, 
and  3  atypical  forms  of  the  disease.  The  8  patients  showing  ocular 
disturbances  were  as  follows:  5  from  the  severely  ill  group,  1  from 
the  moderately  ill,  and  2  from  the  atypical  group.  1  patient  showed, 
on  examination  in  the  ophthalmologic  clinic,  iridocyclitis,  hypopyon 
of  the  right  eye,  and  opacity  of  the  vitreous  humor;  in  another  only 
the  last  symptom  was  present.  These  after-effects  seem  to  occur 
more  frequently  in  the  severe  types  of  the  disease.  We  cannot  say 
at  this  time  to  what  extent  the  sequela;  are  influenced  by  serum 
treatment. 


DISTRIBUTION  OF  SPIROCH.ETA  ICTEROH^MORRHA- 

GI^  IN  THE  ORGANS  AFTER  INTRAVENOUS 

SERUM  TREATMENT. 

Bv  RENJIRO  KANEKO,  M.D.,  and  KIKUZO  OKUDA,  M.D. 
{From  the  First  Medical  Clinic  of  the  Imperial  University  in  Kyushu,  Fukuoka, 
Japan) 

(Received  for  publication,  September  4,  1917.) 

The  material  here  reported  was  obtained  from  eight  cases  of  Weil's 
disease  in  which  postmortem  examinations  were  made.  The  patients 
had  all  received  intravenous  serum  treatment  before  the  8th  day  of 
illness.  The  distribution  of  spirochetes  within  the  organs  differs 
somewhat  in  these  patients  from  that  in  those  receiving  no  serum 
treatment.  The  latter  have  already  been  described  by  us.'  In 
Table  I  are  given  our  findings  on  the  density  of  the  spirochetes  in  the 
various  organs,  and  also  the  findings  in  four  non-serum-treated  cases 
showing  no  complications. 

It  will  be  observed  that  in  the  serum-treated  cases  the  spirochetes 
are  more  sparsely  distributed  than  in  the  other  group.  In  the  former 
we  were  able  to  demonstrate  microorganisms  constantly  in  the  kid- 
neys, often  in  the  heart  muscle  and  the  appendLx,  but  only  once  in 
the  liver,  suprarenals,  and  lymph  glands,  and  in  three  cases  in  muscle 
tissue.  The  spirochetes  were  few  in  number  and  the  specimens  ob- 
served were  markedly  degenerated.  With  the  exception  of  one  case, 
but  few  spirochetes  could  be  discovered  in  the  liver,  while  in  the  non- 
senm:i-treated  cases  in  this  stage  of  the  disease  there  was  no  diffi- 
culty in  demonstrating  spirochetes  in  that  organ,  although  they  were 
not  numerous.  In  a  patient  dying  on  the  6th  day,  who  had  received 
no  serum  treatment,  we  found  a  dense  distribution  of  spirochetes 
in  the  liver.  The  pancreas,  with  the  exception  of  one  case,  and 
the  spleen,  lungs,  and  other  organs  of  the  serum-treated  patients 
showed  no  spirochetes. 

'Kaneko,  R.,  and  Okuda,  K.,  /.  Exp.  Med.,  1917,  xxvi,  325. 
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CONCLUSIONS. 

On  the  basis  of  these  findings  we  beHeve  that  we  are  justified  in 
saying  that  the  immune  serum  of  Weil's  disease  is  capable  of  de- 
stroying the  spirochetes  found  within  the  organs  in  man,  with  the 
exception  of  the  kidneys,  and  that  the  action  of  the  serum  upon  the 
spirochetes  is  spirochetolytic  and  spirocheticidal.  The  scattered 
spirochetes  in  the  kidney,  on  the  other  hand,  are  resistant  to  the 
action  of  the  immune  serum. 

The  spirochetes  disappear  almost  completely  from  the  organs 
during  the  convalescent  stage  of  Weil's  disease,  even  when  no  serum 
has  been  administered.  The  only  organ  to  be  excepted  is  again  the 
kidney,  but  no  comparison  between  serum-treated  and  non-serum- 
treated  cases  should  be  made  in  this  respect,  for  spirochetes  are 
found  numerously  in  the  kidneys  even  with  serum  treatment. 

The  disappearance  of  the  spirochetes  from  the  organs  and  tissues 
in  Weil's  disease  seems  to  be  not  so  marked  with  the  subcutaneous 
serum  treatment  as  witli  the  intravenous  method,  but  the  manner 
of  their  disappearance  is  about  the  same. 

We  desire  to  express  to  Professor  R.  Inada,  our  appreciation  of  his 
interest  in  the  work. 
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(Received  for  publication,  Januar>'  2,  1918.) 

Investigators  are  divided  into  two  well  defined  groups  with  refer- 
ence to  the  interpretation  of  the  relation  of  certain  streptococci  culti- 
vated from  poliomyelitic  nervous  tissues  to  epidemic  poliomyelitis. 
One  group'  affirms  that  the  streptococci  bear  a  causal  relation  to 
poliomj'elitis  and  are  even  related  biologically  to  the  globoid  bodies 
of  Flexner  and  Noguchi,"  while  another  group'  denies  that  they  pos- 
sess any  essential  etiologic  importance  and  views  them  merely  as 
secondary  invaders.'' 

The  question  at  issue  is  an  important  one  in  every  way,  because 
upon  its  true  answer  will  depend  the  prophylactic  measures  adopted 
to  prevent  epidemics  of  pohomyelitis  and  the  direction  which  effort 
will  take  in  perfecting  an  efficient  agent  for  specific  therapy. 

Until  recently  the  effort  made  to  treat  cases  of  poliomyelitis  spe- 
cifically has  been  with  the  blood  serum  of  convalescent  and  recovered 
cases  of  the  disease.  This  procedure  is  based  upon  several  kinds  of 
conclusive  experimental  data.  However,  too  few  observations  are 
available  to  decide  whether  the  method  gives  urmiistakable  thera- 

■  Mathers,  G.,  J.  Am.  Med.  Assn.,  1916,  l.xvii,  1019;  J.  Infect.  Dis.,  1917,  xx, 
113.  Rosenow,  E.  C,  Towne,  E.  B.,  and  Wheeler,  G.  W.,  J.-Atn.  Med.  Assn., 
1916,  Ixvii,  1202;  Science,  1916,  xliv,  614;  /.  Am.  Med.  Assn.,  1917,  Ixviii,  280. 
Nuzum,  J.  W.,  and  Herzog,  M.,  J.  Am.  Med.  Assn.,  1916,  Ixvii,  1205.  Nnzum, 
J.  W.,  ibid.,  1916,  Ixvii,  1437;  1917,  Ixviii,  24. 

^  Flexner,  S.,  and  Noguchi,  H.,  J.  Exp.  Med.,  1913,  xviii,  461. 

3  Bull,  C.  G.,  J.  Exp.  Med.,  1917,  xxv,  557.  Kolmer,  J.  A.,  Brown,  C.  P.,  and 
Freese,  A.  M.,  /.  Exp.  Med.,  1917,  xxv,  789. 

^  Smillie,  W.  G.,  J.  Exp.  Med.,  1918,  xxvii  (in  press). 
309 


310  ROSENOW'S   ANTIPOLIOMYELITIC   SERUM 

peutic  results  in  human  cases  of  poliomyelitis,  although  the  indica- 
tions are  favorable." 

The  emplojTTient  of  the  serum  derived  from  recovered  cases  of 
poliomyelitis  followed  not  only  on  account  of  the  detection  of  its 
neutralizing  property  in  vitro  for  the  poliomyelitic  \arus,  but  also 
because  of  the  failure  to  induce  antibody  formation  in  a  variety 
of  domestic  animals,  including  the  horse,  by  the  injection  of  the 
nervous  tissues  of  monkey  or  man  carrying  the  virus.'  Incident- 
ally, it  may  be  stated  that  only  imperfect  success  in  developing  anti- 
bodies in  rabbits  and  monkeys  has  attended  the  repeated  injection  of 
cultures  of  the  globoid  bodies.' 

A  far  greater  measure  of  success  has  been  claimed  for  the  strepto- 
cocci in- producing  antibodies  for  the  virus  of  poliomyeHtis.  Rose- 
now'  and  Nuzum  and  Willy^  assert  that  animals  immunized  with  the 
streptococci  cultivated  from  poliomyeUtic  cases  exhibit  various  an- 
tagonisms to  the  virus.  Monkeys  inoculated  with  streptococci  are 
said  to  be  protected  from  subsequent  infection  with  the  poliomyelitic 
virus;  the  blood  of  the  protected  monkeys  is  stated  to  be  neutraliz- 
ing in  vitro  for  the  virus ;  and  finally,  horses  immunized  with  the  virus 
are  said  to  yield  a  serum  which  possesses  neutralizing,  protective, 
and  therapeutic  properties,  even  when  applied  to  man. 

It  is  this  last  statement  which  calls  for  painstaking  control.  It  is 
obvious  that  to  obtain  a  decision  from  the  treatment  of  human  cases 
of  poliomyeHtis  would  require  a  large  and  varied  series  of  observa- 
tions extending  over  a  long  period  of  time  and  embracing  epidemics 
of  considerable  magnitude  and  various  degrees  of  severity.  More- 
over, the  observations  would  have  to  be  carefully  controlled  by  com- 
parison with  an  equal  number  of  cases,  occurring  simultaneously, 
untreated  with  the  antiserum,  under  approximately  identical  condi- 
tions and  equally  accurately  studied.  To  secure  these  data  might 
require  several- years,  as  has  been  the  case  notably  with  the  serum 
treatment  of  diphtheria  and  epidemic  meningitis.    The  question  arises, 

^Amoss,  H.  L.,  and  Chesney,  A.  M.,  /.  Exp.  Med.,  1917,  xxv,  581. 

''Flexner,  S.,  J.  Am.  Med.  Assn.,  1910,  Iv,  1105. 

'Amoss,  H.  L.,  /.  Exp.  Med.,  1917,  xxv,  545. 

8Rosenow,  K.  C,  /.  Am.  Med.  Assn.,  1917,  Ixix,  261,  1074. 

s  Nuzum,  J.  W.,  and  Willy,  R.  G.,  /.  .{m.  Med.  Assn.,  1917,  Ixix,  1247. 
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therefore,  whether  a  method  is  not  available  by  means  of  which  a 
probable  decision  may  be  reached  more  expeditiously  and  with 
greater  certainty.  It  is  because  of  our  belief  that  a  decisive  experi- 
mental method  is  at  hand  that  the  series  of  experiments  to  be  reported 
were  performed. 

EXPERIMENTAL. 

The  injection  intracerebrally  into  monkeys  of  minute  quantities  of 
an  active  virus  of  pohomyelitis  is  followed  by  paralysis  and,  as  a  rule, 
by  death  of  the  animal.  The  injection  of  far  greater  quantities  of  the 
same  virus  into  the  blood  stream  produces  no  symptoms.  If,  how- 
ever, as  Flexner  and  Amoss*"'"  have  shown,  the  meninges  and  choroid 
plexus  are  chemically  inflamed  by  a  simultaneous  or  previous  in- 
jection of  sterile  horse  serum,  monkey  serum,  or  even  isotonic  saline 
solution,  the  virus  is  enabled  to  pass  from  the  blood  into  the  nervous 
tissues  and  thus  to  induce  the  characteristic  changes  which  lead  to 
paralysis  and  even  to  death.  The  same  authors  found  only  one  sub- 
stance which,  when  injected  intraspinally,  prevented  the  localization 
of  the  virus  in  the  nervous  organs  after  intravenous  injection,  and 
that  is  the  serum  derived  from  monkeys  which  have  survived  a 
poliomyelitic  infection.  Moreover,  this  serum  is  capable  of  setting 
aside  the  effects  of  the  chemical  inflammation  incited  by  horse  serum 
or  other  foreign  fluids  injected  intraspinally.  In  other  words,  when 
the  immune  convalescent  serum  is  introduced  into  the  meninges  in 
animals  previously  injected  intraspinally  with  horse  serum  or  other 
fluids  mentioned,  followed  by  an  intravenous  injection  of  the  virus, 
no  paralysis  or  other  evidence  of  infection  results.  This  experiment 
gives  such  decisive  and  unequivocal  results  that  it  seems  particularly 
adapted  to  determine  the  therapeutic  value  of  a  serum  or  other  product 
reputed  to  be  effective  in  the  treatment  of  poliomyehtis  in  man. 

The  experiments  to  be  described  were  carried  out  in  the  following 
manner.  An  active,  fresh  pohomyelitic  virus  was  obtained  in  the 
usual  manner  by  inoculating  a  monkey  intracerebrally  with  a  sus- 
pension of  glycerolated  virus.  On  the  1st  day  of  complete  prostra- 
tion, the  animal  was  etherized,  and  the  brain  and  spinal  cord  were 

"Flexner,  S.,  and  Amoss,  H.  L.,  /.  Exp.  Med.,  1914,  xx,  249. 
"Flexner,  S.,  and  Amoss,  H.  L.,  /.  Exp.  Med.,  1917,  xxv,  525. 
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aseptically  removed.  With  the  spinal  cord  and  medulla,  a  5  per  cent 
suspension  in  isotonic  salt  solution  was  prepared,  shaken,  and  centri- 
fuged,  and  the  clear  supernatant  fluid  injected  intravenously  into 
Macacus  rhesus  monkeys.  Two  separate  sets  of  experiments  were  per- 
formed. Control  animals  and  animals  treated  with  Rosenow's  serum, 
with  normal  horse  serum,  and  with  convalescent  monkey  serum, 
in  the  same  manner,  were  tested  simultaneously.  The  protocols 
follow.  The  outcome  is  as  sharp  and  hence  as  decisive  as  the  ex- 
perimental results  could  make  it. 

Experiment  1. — Monkey  A,  control.  Nov.  13,  1917.  Injected  intravenously 
50  cc.  of  the  virus  prepared  as  described.    The  animal  remained  well. 

Monkey  B,  normal  horse  serum  control.  Nov.  12,  1917,  5.10  p.m.  Injected 
intraspinally  2.5  cc.  of  normal  horse  serum.  Nov.  13,  11.15  a.m.  Injected  in- 
travenously 50  cc.  of  virus.  12  noon.  Injected  intraspinally  2.5  cc.  of  normal 
horse  serum.  Nov.  14.  Injected  intraspinally  2.5  cc.  of  normal  horse  serum. 
Nov.  15.  Repeated  intraspinal  injection  of  normal  horse  serum.  Nov.  16.  Re- 
peated intraspinal  injection  of  normal  horse  serum.  Protects  left  leg;  ataxic. 
Nov.  17,  a.m.  Left  arm,  right  deltoid,  and  both  legs  paralyzed;  head  tremor; 
ptosis  of  the  left  eyelid;  almost  prostrate.    4.30  p.m.    Died. 

Autopsy. — Macroscopic  and  microscopic  lesions  of  poliomyelitis.  No  visible 
changes  in  viscera. 

■  Monkey  C,  Rosenow's  serum.  Nov.  12,  1917,  4.40  p.m.  Intraspinalinjection 
of  3  cc.  of  Rosenow's  antipoliomyelitic  horse  serum  activated  with  one-ninth  vol- 
ume of  fresh  guinea  pig  serum.  Nov.  13,  10.45  a.m.  Intravenous  injection  of 
50  cc.  of  virus.  10.50  a.m.  Intraspinal  injection  of  3  cc.  of  Rosenow's  serum. 
Nov.  14,  15,  18,  19,  and  20.  Injected  3  cc.  of  Rosenow's  serum,  intraspinally. 
The  clinical  course  of  the  animal  was  as  follows:  Nov.  17.  Slow.  Nov.  19. 
Excited;  slow;  protects  right  leg.  Nov.  20.  Drags  right  leg;  climbs  awkwardly. 
Nov.  22.  Both  legs  weak.  Nov.  23.  Legs  paralyzed;  deltoids  weak.  Nov.  24. 
Prostrate  (Fig.  1).    Nov.  26.     Moribund;  etherized. 

A  utopsy. — The  spinal  cord  and  brain  were  edematous  and  the  gray  matter  was 
congested.  Microscopic  examination  of  the  central  nervous  system  showed 
marked  perivascular  infiltration  and  some  neurophagocytosis  in  the  gray  matter 
of  the  medulla  and  cervical  enlargement  characteristic  of  poliomyelitis.  Perivas- 
cular infiltration  (Figs.  2  and  3),  congestion,  neurophagocytosis,  arrd  meningeal 
infiltration  in  lumbar  enlargement.  Focal  infiltration  of  lymphocytes,  cell  de- 
generation, and  neurophagocytosis  in  the  posterior  root  ganglia. 

Monkey  D,  serum  of  recovered  monkeys.  Nov.  12,  1917,  4.55  p.m.  Intra- 
spinal injection  of  3  cc.  of  mixed  serums  from  several  rhesus  monkeys  which  had 
recovered  from  experimental  poliomyelitis  and  subsequently  received  subcuta- 
neous injections  of  the  virus  contained  in  the  spinal  cord  and  medulla  (reinforced 
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immune).  Nov.  13,  11  a.m.  Intravenous  injection  of  50  cc.  of  virus  suspen- 
sion followed  by  intraspinal  injection  of  3  cc.  of  immune  serum.  Nov.  14,  15, 
18,  19,  and  20.  Intraspinal  injections  of  3  cc.  of  immune  serum.  The  clinical 
course  of  this  animal  was  in  striking  contrast  with  the  preceding.  At  no  time 
were  any  symptoms  present;  the  animal  continued  apparently  normal  through- 
out the  treatment  and  is  well  at  the  present  time  (Jan.  1,  1918). 

This  experiment  was  repeated  with  precisely  the  same  results. 
The  protocols  follow.  In  the  second  experiment,  the  normal  horse 
serum  control  was  omitted. 

Experiment  2. — Monkey  E,  control.  Nov.  26,  1917.  Intravenous  injection  of 
50  cc.  of  the  virus.  No  symptoms  appeared,  and  the  animal  has  remained  normal 
up  to  the  present  time  (Jan.  1,  1918). 

Monkey  F,  Rosenow's  serum.  Nov.  26,  1917,  6  p.m.  Intraspinal  injection  of 
2  cc.  of  activated  Rosenow's  antipoliomyehtic  horse  serum.  Nov.  27,  11.35  a.m. 
Intravenous  injection  of  50  cc.  of  virus,  followed  immediately  by  the  intraspinal 
injection  of  2.5  cc.  of  Rosenow's  serum.  The  intraspinal  injections  were  re- 
peated on  Nov.  28,  29,  Dec.  2,  and  3.  In  each  instance  the  activated  serum  was 
injected.  Dec.  3.  The  animal  developed  a  marked  tremor  of  the  head,  ataxia, 
and  right  facial  paralysis;  also,  the  deltoid  muscles  were  weak.  Dec.  4.  The 
monkey  died  in  the  early  morning. 

Autopsy. — Macroscopic  lesions  of  poliomyelitis  throughout  brain  and  cord. 
Microscopic  examination  of  the  central  nervous  system  showed  marked  congestion 
and  perivascular  infiltration,  slight  cell  degeneration,  and  neurophagocytosis  in 
medulla  and  cervical  enlargement  (Fig.  4) ;  slight  meningeal  infiltration  in  lumbar 
enlargement,  and  focal  infiltration  of  lymphocytes,  cell  degeneration,  and  neuro- 
phagocytosis in  posterior  root  ganglia  (Fig.  5). 

Monkey  G,  immune  monkey  serum.  Nov.  26,  1917,  5.15  p.m.  2  cc.  of  pooled 
immune  serum  injected  intraspin^lly.  Nov.  27,  12.25  p.m.  Intravenous  injec- 
tion of  50  cc.  of  the  virus,  followed  by  the  intraspinal  injection  of  2.5  cc.  of  pooled 
immune  serum.  The  intraspinal  injections  of  the  pooled  senrni  were  repeated  on 
Nov.  28,  29,  Dec.  2,  and  3.  At  no  time  were  any  symptoms  detected,  and  the 
animal  is  normal  at  this  time  (Jan.  1,  1918). 

DISCUSSION. 

The  preceding  experiments  accomplish  two  purposes  directly. 
First,  they  test  the  abihty  of  Rosenow's  serum,  which  was  prepared 
by  injecting  a  horse  with  cultures  of  the  streptococci  derived  from 
poliomyeUtic  nervous  organs,  to  prevent  a  poliomyelitic  infection 
arising  in  the  monkey  after  an  intravenous  injection  of  the  virus. 
This  is  readily  accomplished  by  means  of  the  immune  serrnn  obtained 
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from  convalescent  and  recovered  monkeys.  Second,  they  compare 
directly  under  these  favorable  therapeutic  conditions  the  Rosenow 
serum  with  the  serum  of  immune  monkeys. 

The  results  of  the  experiments  are  unequivocal.  They  show  the 
Rosenow  serum  to  be  devoid  of  protective  power.  Moreover,  they 
show  that  the  Rosenow  serum  acts  in  the  manner  of  normal  horse 
serum  in  promoting  infection  in  monkeys  from  an  intravenous  in- 
jection of  the  virus,  in  itself  incapable  of  inducing  paralysis. 

The  immune  monkey  serum  possesses,  under  the  same  conditions 
of  administration,  perfect  protective  power,  as  has  been  shown  pre- 
viously by  Flexner  and  .Amoss.'' 

A  further  conclusion  may  be  drawn  from  the  experiments.  Rose- 
now states  that  the  horse  serum  prepared  by  him  contains  demonstra- 
ble antibodies  for  the  streptococci  employed  in  its  production.  It  is 
assumed  that  these  antibodies  are  identical  with  the  antibodies, 
demonstrable  by  neutralization  experiments  with  the  virus,  contained 
within  human  and  monkey  serum  derived  from  recovered  cases  of 
poliomyelitis  in  man  and  the  monkey.  This  supposition  is  rendered 
untenable  by  the  results  of  our  experiments.  The  antibodies  induced 
in  the  horse  by  immunization  with  the  streptococci  have  proven 
incapable  of  neutralizing  the  virus  of  poliomyelitis  introduced  into 
the  blood  of  monkeys  in  its  passage  to  the  central  nervous  system — 
a  neutralization  which  the  immune  monkey  serum  readily  effects. 
The  two  classes  of  antibodies  or  immunity  principles,  those  present 
in  the  blood  derived  from  recovered  cases  of  poliomyelitis  and  those 
induced  in  the  horse  by  treatment  with  streptococci,  are  therefore 
to  be  regarded  as  distinct. 

There  is  a  further  corollary  to  this  general  deduction.  Once  it  is 
established  that  the  antibodies  yielded  by  the  streptococci  differ 
essentially  from  those  induced  by  the  virus  of  poliomyelitis,  the  con- 
tention that  virus  and  streptococci  are  identical  becomes  untenable. 
In  other  words,  the  experiments  reported  in  this  paper  tend  also  to 
refute  the  claim  that  certain  streptococci  are  the  microbic  cause  of 
epidemic  poliomyelitis. 

Rosenow  and  Nuzum  and  Willy  assert  that  their  serums  possess 
striking  therapeutic  activity  in  man.  Their  conclusions  are  based  on 
the  treatment  of  relatively  small  numbers  of  cases  of  epidemic  polio- 
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myelitis  during  the  past  summer  and  autumn.  YVe  have  already 
drawTi  attention  to  the  diificulties  surrounding  a  statistical  study,  of 
limited  extent,  of  the  questions  here  involved.  Hence  we  venture 
to  place,  in  this  instance,  the  greater  weight  on  decisive  animal  ex- 
periments, and  those  reported  in  this  paper  clearly  show  that  Rose- 
now's  horse  serum  injected  intraspinally  into  monkeys  is  without 
specific  protective  power  against  the  virus  of  poliomyelitis. 

It  has,  however,  been  shown  by  Flexner  and  Amoss^-  that  normal 
horse  serum,  when  injected  intraspinally  into  monkeys,  promotes  the 
jjassage  of  poliomyelitic  immune  bodies  from  the  blood  into  the 
subarachnoid  space.  Hence  it  is  possible  that  under  certain  circum- 
stances in  which  those  bodies  are  already  present  in  the  blood  in  man, 
they  may  be  directed  into  the  subarachnoid  space  through  the  in- 
creased permeabihty  of  the  meninges  induced  by  the  horse  serum  and 
thus  affect  the  course  of  the  infection.  The  antibodies  have  been 
detected  on  the  3rd'^  and  6th'^  days  of  illness  in  man,  or,  in  other 
words,  early  in  the  course  of  the  disease. 

This,  however,  is  a  purely  hypothetical  consideration,  in  support  of 
which  normal  horse  serum  should  prove  as  effective  as  antistrepto- 
coccus  serxma.  It  is  questionable  whether  this  roundabout  method 
of  directing  the  circulating  immunity  bodies  to  the  central  nervous 
organs  is  advisable  in  practice.  As  far  as  present  knowledge,  based 
on  definitive  experiments,  is  concerned,  it  may  be  said  that  only  im- 
mune serum  derived  from  convalescent  and  recovered  cases  of  polio- 
myelitis in  man  and  the  monkey  have  been  determined  to  be  pro- 
tective against  the  infectious  power  of  the  poliomyelitic  varus. 

CONCLUSIONS. 

Two  series  of  experiments  are  described  in  which  Rosenow's  anti- 
poliomyelitic  serum,  so  called,  has  been  compared  with  the  immune 
serimi  derived  from  monkeys  which  have  convalesced  or  recovered 
from  experimental  poliomyelitis. 

The  experiments  consisted  in  introducing  an  active  virus  of  polio- 

'2  Flexner,  S.,  and  Amosi,  H.  L.,  J.  Exp.  Med.,  1917,  xxv,  499. 
"  Kling,  C.  A.,  and  Levaditi,  C,  Etudes  sur  la  poliomyelite  aigue  epidemique, 
Paris,  1913,  p.  114. 
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myelitis  into  the  blood  and  of  injecting  the  two  kinds  of  serum  into 
the  cerebrospinal  meninges  according  to  the  method  of  Flexner  and 
Amoss. 

Under  the  conditions  of  the  experiment,  the  control  monkeys  (a) 
receiving  the  virus  intravenously  alone  do  not  develop  paralysis, 
while  those  (b)  receiving  the  virus  intravenously  and  normal  horse 
serum  intraspinally  develop  paralysis.  Moreover,  the  monkeys  (c)  re- 
ceiving the  \irus  intravenously  and  Rosenow's  antipoliomyelitic 
serum  intraspinally  develop  paralysis  in  the  manner  of  those  receiving 
normal  horse  serum  intraspinally.  The  monkeys  (d)  which  received 
the  virus  intravenously  and  the  convalescent  or  immune  monkey 
serum  intraspinally  alone  did  not  develop  paralysis. 

The  Rosenow  serum  acts  in  the  manner  of  nonnal  horse  serum;  it 
promotes  the  passage  of  the  virus  of  poliomyelitis  from  the  blood  into 
the  nervous  organs,  and  it  does  not  protect  from  infection. 

We  have  found  no  evidence  that  Rosenow's  serum  under  the  con- 
ditions of  the  tests  is  effective  therapeutically  in  monkeys  or  pos- 
sesses antibodies  of  the  same  nature  as  those  present  in  the  blood  of 
monkeys  which  have  recovered  from  experunental  poliomyelitis. 

Since  the  antibodies  in  convalescent  poliomyehtic  serum  in  man 
and  the  monkey  are  identical,  it  follows  that  any  antibodies  present 
in  the  Rosenow  horse  serum  do  not  conform  to  those  occurring  in 
human  convalescent  serum. 

EXPLANATION  OF  PLATES. 
The  illustrations  were  taken  from  monkeys  treated  with  Rosenow's  serum. 

Plate  8. 

Fig.  1.  Monkey  C.  11  days  after  the  intravenous  injection  of  virus.  Re- 
ceived seven  intraspinal  injections  of  Rosenow's  serum.  Arms,  legs,  and  back 
muscles  paralyzed;  face  muscles  active. 

Plate  9. 

Fig.  2.  Monkey  C.  Cervical  enlargement  showing  perivascular  mononuclear 
cell  infiltration  in  anterior  horn.     X  165. 

Fig.  3.  Monkey  C.  Cervical  enlargement  showing  perivascular  mononuclear 
cell  infiltration  in  posterior  horn.     X  165. 


HAROLD  L.  AMOSS  AND  FREDERICK  EBERSON         317 

Plate  10. 

Fig.  4.  Monkey  F.  Cervical  enlargement  showing  anterior  horn  with  de- 
generation of  ganglion  cells  and  neurophagocytosis.     X  240. 

Fig.  5.  Monkey  F.  Posterior  root  ganglion  with  ganglion  cell  degeneration, 
neurophagocytosis,  and  mononuclear  cell  infiltration.     X  240. 
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CULTIVATION  EXPERIMENTS  ON  THE  GLOBOID  BODIES 
OF  POLIOMYELITIS.* 

By  WILSON  G.  SMILLIE,  M.D. 

(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  December  6,  1917.) 

The  microbic  cause  of  poliomyelitis  is  a  subject  still  in  the  fore- 
ground of  interest  with  respect  to  the  etiology  of  that  disease.  The 
present  paper  deals  with  the  conditions  surrounding  the  cultivation 
of  the  globoid  bodies  described  by  Flexner  and  Noguchi  (1)  from 
poliomyehtic  tissues  and  is  intended  as  a  contribution  to  the  tech- 
nique of  the  method. 

The  technique  of  the  cultivation  is  a  complex  and  dithcult  pro- 
cedure, even  more  diflficult,  perhaps,  than  the  isolation  of  Treponema 
pallidum.  With  respect  to  the  treponema,  the  experimenter  is  as- 
sisted by  the  fact  that  it  is  comparatively  large,  possesses  clear-cut 
morphological  characteristics,  and  is  motile — properties  which  make 
its  detection  relatively  easy. 

The  globoid  bodies,  on  the  other  hand,  are  extremely  minute  and 
non-motile.  They  are  not  readily  distinguished  from  tiny  particles 
of  detritus  in  the  early  generations  of  scantily  growing  cultures. 
Hence  weeks,  even  a  month  or  more,  may  elapse  between  the  initial 
inoculations  of  the  culture  mediiun  and  the  definite  detennination 
of  successful  cultivation  of  the  organism;  and  it  may  happen  that  the 
growth  then  observed  may  fail  to  develop  on  transplantation,  so 
that  the  opportunity  for  its  identification  may  be  lost.  The  diffi- 
culties surrounding  the  method  of  cultivation  have  resulted  in  the 
confirmation  of  Flexner  and  Noguchi's  work  by  only  a  few  bacteri- 
ologists, the  larger  part  of  those  who  have  attempted  to  repeat  it 
failing  in  their  efforts. 

The  present  study  was  undertaken  in  the  hope  of  modifying  the 

*  This  work  was  done  under  the  tenure  of  a  William  O.  Moscley  Travelling 
Fellowship  from  Harvard  University. 
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method  by  rendering  it  simpler  and  more  certain  of  success.  The 
original  procedure  is  not  only  uncertain  in  its  ultimate  results,  but 
also  in  the  number  of  cultures  yielded  by  a  given  lot  of  tubes  in- 
oculated with  poliomyelitic  tissue.  Sometimes  of  30  to  50  tubes  thus 
inoculated,  one  or  two  only  would  yield  cultures,  the  others  remain- 
ing without  demonstrable  growth.  Where  the  conditions  all  appear 
to  be  so  similar,  it  would  seem  that  a  higher  percentage  of  cultures 
should  be  obtained.  Obiiously  the  conditions  within  the  tubes  varied 
in  an  unaccountable  manner;  and  it  became  also  the  purpose  of  this 
study  to  eliminate  the  factor  of  variation  and  thus  to  increase  the 
proportion  of  cultures  obtainable  from  a  certain  number  of  inocu- 
lated tubes. 

Hitherto,  the  globoid  bodies  have  been  cultivated  from  the  cen- 
tral nervous  organs,  which  are  the  seat  of  the  profounder  effects  of 
the  disease.  Now,  according  to  present  conceptions  of  the  pathology 
of  poliomyelitis,  the  disease  partakes  often  of  the  nature  of  a  general 
or  systemic  infection.  Indeed,  the  non-paralytic  or  abortive  cases, 
so  called,  pursue  a  course  unattended  by  paralysis  or  even  by  marked 
symptomatic  involvement  of  the  central  nervous  system.  Hence  it 
became  desirable  to  study  the  general  viscera  by  culture  methods. 

The  source  of  the  tissues  submitted  to  cultivation  was  rhesus  or 
cynomolgus  monkeys  in  which  the  inoculation  form  of  the  disease 
had  been  produced.  The  usual  procedure  was  to  permit  the  paraly- 
sis to  develop  to  the  point  at  which  the  inoculated  animals  became 
prostrate;  they  were  then  etherized.  In  certain  instances  animals 
were  used  which  had  been  prostrate  for  several  days  or  which  had 
died  some  hours  earlier.  A  comparison  of  the  cultures  from  the  two 
classes  of  animals — those  recently  paralyzed  and  still  in  good  physical 
condition  with  those  which  have  been  in  extremis  for  some  time  or 
have  actually  succumbed  to  the  disease  a  number  of  hours  before 
autopsy — is  illuminating  as  regards  the  number  and  kind  of  cultures 
obtained. 

The  virus  or  emulsion  of  the  nervous  organs  employed  for  inocula- 
tion was  either  an  active  virus  which  has  been  transmitted  in  the 
laboratories  of  The  Rockefeller  Institute  for  several  years,  or  the 
less  active  M.A.  virus  (2),  which  has  also  passed  through  many 
monkeys.     The  mode  of  inoculation  was  usually  intracerebral,  but 
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sometimes  it  was  by  other  routes — the  nose  and  blood.  A  brief 
summary  of  the  clinical  data  of  the  infected  monkeys  is  given  in 
Table  I. 

We  propose  to  give  the  details  of  the  technique  of  the  successful 
cultivations  of  the  globoid  bodies,  which  will  be  followed  by  a  de- 
scription of  the  results  obtained  by  the  method,  including  both  suc- 
cess and  failure,  and  the  probable  causes  of  each. 

TABLE   I. 
Summary  of  Clinical  Data  of  Monkeys  Infected  mith  Poliomyelitic  Virus. 


§. 

Souice  of  virus. 

Amount  inoculated. 

Route  of 
inoculation. 

°  1 

eS 

it 

a 

Is 

a 

a. 

days 

days 

days 

1 

Fresh  mixed. 

50.0  cc. 

Intravenous.* 

1* 

i 

7 

Typical. 

2 

Glycerolated 
mixed. 

2.0  cc  suspension 

Intracerebral. 

4 

1 

13 

3 

Fresh  mixed. 

Nasal. 

9 

6 

18 

" 

4 

"           " 

0.2  cc.  filtrate. 

Intracerebral. 

3 

1 

10 

" 

5 

"          " 

50.0  cc. 

Intravenous.* 

2 

0 

7 

" 

6 

"          " 

0.1  " 

Intracerebral. 

U 

1 

10 

" 

7 

"          " 

0.1  " 

" 

1 

0 

11 

" 

8 

"          " 

Nasal. 

3 

1 

11 

" 

9 

" 

0.1  cc. 

Intracerebral. 

2 

1 

7 

" 

10 

"          " 

0.2  " 

" 

8 

1 

13 

"t 

11 

"          " 

0.2  " 

" 

7 

3 

IS 

"t 

12 

M..\. 

1.0  " 

" 

5 

li 

9 

" 

13 

Fresh  mixed. 

Nasal. 

4 

2 

12 

" 

14 

"          " 

" 

2 

i 

10 

" 

15 

"          " 

2.0  cc. 

Intracerebral. 

2 

1 

6 

" 

16 

"          " 

" 

2 

i 

6 

" 

17 

"          " 

Nasal. 

3 

1 

7 

" 

18 

M..\.  cultivated. 

2.0  cc.  mass  cul- 
ture. 

Intracerebral. 

5 

0 

12 

*  Intravenous  inoculation  of  centrifuged  emulsion  following  the  injection  of 
horse  serum  intraspinally. 
t  These  animals  had  been  dead  7  and  3  hours  respectively  when  autopsied. 

CuUivation  Technique. 

The  methods  used  for  the  cultivation  of  the  globoid  bodies  from 
the  tissues  of  monkeys  are  essentially  the  same  as  those  originally 
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described  by  Flexner  and  Noguchi  (1).  Certain  variations  of  the 
technique  will,  however,  be  described.  In  part,  the  technique  is  a 
repetition  of  previously  reported  work,  but  is  given  as  a  convenient 
summary. 

Test-tubes,  1.5  by  20  cm.,  should  be  used  for  all  experiments,  for  the  narrower 
tubes  are  much  more  likely  to  become  contaminated.  They  should  be  plugged 
■with  cotton  and  placed  in  a  surgical  package  containing  25  to  30  tubes,  which 
should  then  be  sterilized  and  not  opened  until  the  set  of  tubes  is  to  be  used. 

Fresh  sterile  tissue  is  added  to  each  tube.  A  healthy,  fat,  adidt  rabbit  is  chosen, 
one  that  has  not  even  a  scratch  or  other  detectable  defect  upon  any  part  of  its 
body.  The  animal,  which  must  be  given  no  food  for  24  hours,  is  lightly  etherized 
and  bled  to  death  from  the  heart  by  means  of  a  sterile  needle  and  a  large  bulb 
pipette.  i\ll  hair  is  then  removed  from  the  abdomen  and  anterior  thoracic  walls 
of  the  animal's  body  by  sodium  sulfide  solution,  and  the  skin  is  prepared  with 
the  usual  surgical  procedures,  soap  and  water,  bichloride  solution,  alcohol,  and 
finally  iodine.  Instruments  for  obtaining  the  kidneys  shoidd  not  be  boQed,  but 
required  instruments  are  made  into  a  set  and  sterilized  in  a  glass  container  in 
the  hot  air  sterUizer.  One  set  is  used  to  open  the  skin,  another  set  to  open  the 
peritoneal  cavity,  and  a  fresh  pair  of  scissors  and  forceps  are  used  to  remove  the 
kidneys.  All  procedures  should  be  carried  out  in  a  dust-proof  room,  or  under  a 
hood,  the  walls  of  which  have  been  wiped  down  with  bichloride  solution. 

After  removal  to  a  large  sterile  Petri  dish,  the  capsule  is  stripped  from  the 
kidney,  each  kidney  is  cut  into  20  to  25  pieces,  and  one  bit  of  tissue  placed  in 
each  sterile  test-tube.  This  procedure  must  also  be  carried  out  in  a  dust-proof 
room.  While  removing  the  capsule  of  the  kidney  and  cutting  it  into  pieces,  the 
assistant  should  hold  the  cover  of  the  Petri  dish  directly  over  the  field  of  opera- 
tion in  order  to  avoid  dust  contamination. 

The  poliomyelitic  material  which  is  added  to  each  tube  consists  of  a  bit  of  tis- 
sue of  about  the  same  size  as  the  bit  of  rabbit  kidney  tissue.  The  infected  mon- 
key should  not  be  allowed  to  die,  nor,  in  fact,  to  become  prostrate,  but  should  be 
etherized  at  the  height  of  the  active  symptoms.  After  etherization,  the  animal 
should  be  bled, and  the  visceral  tissues,  liver,  spleen, kidney,  thymus, etc.,  removed 
with  exactly  the  same  technique  as  was  used  in  obtaining  sterile  rabbit  kidney. 
It  is  important  to  use  a  separate  pair  of  forceps  and  scissors  for  each  organ. 

The  technique  for  obtaining  uncontaminated  poliomyelitic  brain  tissue  is  as 
follows:  The  calvarium  is  removed  with  aseptic  precautions,  great  care  being  taken 
not  to  injure  the  dura.  The  dura  over  the  hemisphere  opposite  the  one  that  had 
been  injected  is  then  seared  with  a  red  hot  knife  blade,  and  the  dura  is  opened 
with  sterile  instruments.  A  portion  of  the  cerebrum  is  removed  with  a  separate 
set  of  instruments  and  placed  in  a  sterile  Petri  dish.  This  material  is  at  once 
taken  to  a  dust-proof  room,  when  it  maybe  cut  into  suitable  pieces  and  placed 
immediately  in  the  tissue  test-tubes. 
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Methods  for  removing  bits  of  sterile  spinal  cord  are  very  unsatisfactory.  The 
following  method  has  proved  the  most  useful.  The  entire  cord  is  exposed  under 
aseptic  precautions,  great  care  being  taken  not  to  injure  the  dura.  A  portion  of 
the  cord,  3  to  4  cm.  long,  is  tightly  tied  at  either  end  with  a  sterile  thread  and  the 
portion  removed.  This  bit  of  cord  with  intact  dura  is  placed  in  bichloride  alco- 
hol for  60  seconds,  then  rapidly  passed  through  five  separate  washings  of  sterUe 
salt  solution.  The  dura  is  wiped  dry  with  sterile  gauze,  seared  with  a  narrow  hot 
knife  blade,  and  is  then  opened  with  sterile  instruments  and  the  cord  cut  into 
0.5  cm.  segments,  each  portion  being  put  into  a  tissue  test-tube. 

When  the  test-tubes  have  been  inoculated  with  rabbit  kidney  and  poliomyelitic 
material,  ascitic  fluid  should  be  added,  IS  or  18  cc.  being  suflicient.  The  ascitic 
fluid  must,  of  course,  have  been  tested  carefully  for  sterility,  both  for  aerobic  and 
anaerobic  organisms.  It  should  have  a  specific  gravity  of  at  least  1,015,  be  clear, 
free  from  bile,  not  more  than  3  months  old,  and  should  be  stored  in  the  refrigera- 
tor. It  should  not  be  heated  above  50°C.  or  filtered.  Chylous  or  bloody  ascitic 
fluid  is  not  suitable.  Before  adding  the  ascitic  fluid  to  the  inoculated  test-tubes,  it 
should  be  wanned  to  45°C.  and  placed  under  a  vacuum  to  remove  the  air. 

Complete  anaerobiosis  must  be  obtained  if  one  is  to  be  successful 
in  the  cultivation  of  the  globoid  bodies.  In  our  first  experiments 
the  vacuum  jar  was  used,  but  the  results  were  disappointing.  The 
vacuimi  jars  were  either  so  poorly  ground  that  they  would  not  hold 
a  vacuum,  or,  owing  to  defects  in  the  glass,  they  cracked  or  exploded 
under  the  tremendous  negative  pressure.  These  difficulties  were 
finally  met  by  the  use  of  the  hydrogen-nitrogen  jar,  which  utilizes 
the  catalytic  action  of  platinized  asbestos  upon  hydrogen  and  oxygen, 
and  removes  all  traces  of  oxygen  from  the  jar.  The  details  of  this 
apparatus  have  already  been  published  (3) .  Subsequent  experiments 
with  this  jar  have  given  most  satisfactory  results.  The  pyrogallic 
acid-soditim  hydroxide  indicator  has  remained  unchanged  in  color  for 
weeks,  showing  complete  anaerobiosis;  and  the  method  is  so  rapid, 
clean,  and  simple  that  it  seems  to  promise  a  simple  satisfactory  solu- 
tion for  the  problem  of  anaerobic  technique. 

The  inoculated  ascitic  fluid-tissue  tubes,  usually  twenty-five  to 
thirty  tubes,  are  placed  in  the  anaerobic  jar  and  incubated  for  11  to 
12  days.  Control  tubes,  inoculated  with  brain  and  other  tissues,  are 
incubated  in  the  open  air  and  examined  daily  in  order  to  determine  the 
presence  of  contaminating  organisms. 

After  12  days'  incubation,  the  jaris  opened,  and  0.2  cc.  of  the  as- 
citic fluid  is  removed  from  the  bottom  of  each  tube,  without  disturb- 
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ing  the  bits  of  brain  or  kidney  tissue.  The  special  pipettes  devised 
by  Gates  (4)  are  very  useful  for  all  poliomyelitic  culture  work.  The 
material  is  transferred  directly  into  freshly  prepared  tissue  tubes. 
15  cc.  of  air-free,  warmed  ascitic  fluid  are  added  to  each  tube  as  be- 
fore, the  tubes  placed  in  the  anaerobic  jar,  and  at  once  returned  to 
the  incubator.  The  original  tubes  may  be  placed  in  the  refrigerator 
to  be  examined  at  leisure. 

The  second  generation  of  ascitic  fluid-tissue  tubes  is  incubated  for 
12  days  and  the  anaerobic  jar  is  then  opened.  As  before,  munediate 
transfer  is  carried  out,  0.2  cc.  of  the  ascitic  fluid  near  the  bottom  of 
the  tube  being  transferred  to  freshly  prepared  tissue  tubes.  To  a 
second  set  of  tissue  tubes  is  added  0.1  cc.  of  the  material  from  the 
bottom  of  the  tubes  of  the  second  generation.  .  To  Set  1,  containing 
0.2  cc.  of  transferred  material,  is  added  warmed  air-free  ascitic  fluid  as 
before.  To  Set  2,  containing  0.1  cc.  of  the  material,  are  added  15  cc. 
of  semisohd  medium  which  has  been  prepared  as  follows : 

Veal  infusion  agar,  2  per  cent,  with  a  reaction  of  -|-0.5  to  phenolphthalein,  is 
melted,  boiled,  and  then  rapidly  cooled  to  50°C.  Ascitic  fluid,  clear,  straw-col- 
ored, free  from  bile,  with  a  specific  gravity  of  1,015  or  higher,  is  warmed  to 
45°C.  and  placed  under  a  vacuum  to  remove  the  air.  1  part  of  the  melted  agar, 
cooled  to  50°C.,  is  added  to  2  parts  of  warmed  ascitic  fluid,  and  15  cc.  of  the  mix- 
ture are  added  to  each  inoculated  test-tube  of  Set  2. 

The  two  sets  of  tubes  are  at  once  placed  in  separate  anaerobic  jars 
and  incubated.  The  second  generation  of  ascitic  fluid  tubes  from 
which  the  transfer  was  made  is  placed  in  the  refrigerator  and  examined 
on  subsequent  days  for  the  presence  of  the  globoid  bodies. 

The  anaerobic  jar  containing  the  set  of  semisolid  tubes  (Lot  2)  is 
incubated  for  8  days,  and  the  jar  is  then  opened  and  the  tubes  are 
examined.  If  any  of  the  tubes  contain  suspected  colonies  in  the 
depths  of  the  semisolid  medium,  these  tiny  colonies  are  removed  by 
means  of  a  capillary  pipette  and  examined  microscopically.  If  posi- 
tive, fresh  semisolid  tissue  tubes  are  made  from  each  colony,  and 
these  tubes  are  placed  in  the  anaerobic  jar  and  incubated.  If  none 
of  the  tubes  show  visible  colonies,  they  are  all  replaced  in  the  anaero- 
bic jar  and  reincubatcd  for  8  days.  If  at  the  end  of  this  reincubation 
there  is  no  growth  in  the  semisolid  tubes,  the  set  is  discarded. 

The  anaerobic  jar  containing  the  ascitic  fluid  tubes  of  the  third 


WILSON    G.    SMILLIE  325 

generation.  Lot  1,  is  incubated  for  12  days,  then  opened,  and  fresh  sets 
of  ascitic  fluid  and  semisolid  tissue  tubes  are  made  exactly  as  described 
for  the  second  generation.  This  process  of  making  ascitic  fluid  and 
semisolid  tubes  is  continued  for  at  least  five  generations,  after  which 
time,  if  no  growth  has  been  obtained,  all  tubes  are  discarded.  Every 
original  tube  inoculated  is  therefore  a  separate  experiment  and  must 
be  given  its  own  number,  and  a  detailed  record  must  be  kept  of  each 
subsequent  generation  of  that  culture.  Each  lot  of  ascitic  fluid  tubes, 
after  their  period  of  incubation,  is  kept  in  the  refrigerator,  so  that 
one  may  subsequently  return  to  the  earher  generation  in  case  it  is 
necessary  to  pick  up  a  positive  culture  that  may  have  died  out  in 
subsequent  generations. 

For  example,  Culture  6,  brain  tube  No.  1,  after  growing  for  two  generations  in 
semisolid  mediima,  refused  to  grow  further  in  this  medium,  so  that  it  was  neces- 
sary to  return  to  the  ascitic  fluid  tube,  brain  tube  No.  1,  third  generation,  from 
which  the  strain  had  originally  been  obtained,  and  though  the  growth  was  very 
scanty,  and  the  tube  had  been  in  the  refrigerator  for  more  than  a  month,  neverthe- 
less a  positive  permanent  culture  was  obtained. 

Criteria  for  the  Determination  of  the  Globoid  Bodies. 

It  is  necessary  to  have  definite  criteria  for  the  determination  of 
the  globoid  bodies.  These  have  been  described  in  the  original  pub- 
lication by  Flexner  and  Noguchi  (1)  and  in  later  publications  and 
need  simply  be  simimarized  for  convenience. 

Morphology  and  Staining  Characteristics. — Morphology  and  staining  character- 
istics are  somewhat  variable  factors,  the  variation  depending  not  so  much  upon 
the  organism  as  upon  the  observer,  and,  though  confirmatory,  they  are  insufficient 
indices  in  the  identification  of  an  organism. 

Characteristic  Growth  in  Semisolid  Medium. — It  is  not  enough  to  determine  the 
presence  of  an  organism  in  the  ascitic  fluid  medium  w-hich  seems  to  the  observer 
to  possess  the  characteristic  morphology  of  the  globoid  bodies.  Semisolid  medium 
should  be  inoculated  and  observed  daQy.  There  should  be  no  apparent  growth 
in  the  medium  for  3  or  4  days.  .At  the  end  of  72  hours  or  later,  the  characteristic 
minute  colonies  begin  to  appear,  being  definitely  established  only  at  the  end  of  6 
to  7  days.  In  the  anaerobic  jar,  the  line  of  demarcation  of  growth  is  about  1  cc. 
from  the  surface  of  the  medium.  If  the  semisolid  tube  has  been  incubated  in 
the  open  air,  however,  only  a  few  colonies  will  be  seen  about  the  tissue  in  the 
bottom  of  the  tube  and  extending  upward  about  1  cc. 
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Action  upon  Carbohydrates. — An  additional  factor  for  the  identification  of  the 
globoid  bodies  depends  upon  their  inability  to  attack  carbohydrates.  Tissue 
tubes  of  ascitic  dextrose  broth  are  inoculated  with  a  small  fragment  of  a  semi- 
solid culture.  The  broth  should  be  sugar-free  veal  infusion,  +0.2  to  +0.3  acid 
to  phenolphthalein.  To  each  5  cc.  tube  of  broth  is  added  an  equal  amount  of 
unheated  sterile  ascitic  fluid  plus  sufficient  10  per  cent  sterile  sugar  solution  to 
give  a  concentration  of  0.5  per  cent.  The  hydrogen  ion  concentration  of  the 
medium  should  be  approximately  that  of  blood  neutrality;  namely,  7.4.  Control 
tubes  should  be  made  both  of  uninoculated  tubes  and  of  tubes  inoculated  with 
various  types  of  streptococci.  The  tubes  should  be  incubated  in  the  anaerobic 
jar  for  7  days  and  the  hydrogen  ion  concentration  determined.  The  globoid 
bodies  will  not  attack  the  simple  sugar,  whereas  the  control  tubes  of  streptococci 
will  show  a  marked  increase  in  acidity. 

Results  Obtained  in  the  Cultivation  of  the  Globoid  Bodies. 

Material  from  eighteen  poliomyelitic  monkeys  has  been  used  in 
the  attempted  cultivation  of  the  globoid  bodies.  For  the  first  four 
experiments,  the  anaerobic  technique  used  was  the  vacuum  jar,  and  in 
each  instance  the  experiment  was  unsuccessful.  For  all  the  later 
experiments,  the  platinized  asbestos  method  was  used,  and  far  more 
satisfactory  results  were  obtained. 

The  material  from  three  of  the  monkeys  was  contaminated  with  a 
pure  culture  of  streptococcus  in  the  first  generation  in  many  or  all 
of  the  tubes.  This  contamination  was  not  due  to  faulty  technique, 
because  all  control  tubes  were  negative,  but  was  the  result  of  a  second- 
ary invading  streptococcus  which  is  commonly  found  in  the  blood 
and  tissues  of  animals  and  human  beings  who  have  been  prostrate 
and  moribund  for  hours  or  days  before  death  finally  occurred. 

Of  the  remaining  eleven  monkeys,  the  typical  globoid  bodies  were 
cultivated  from  seven,  and  a  total  of  twenty-two  separate  cultures 
or  strains  was  obtained.  The  largest  niunber  of  strains  obtained  from  a 
single  monkey  was  six,  whereas  in  two  instances  only  one  strain  was 
obtained.  Besides  the  twenty-two  strains,  eleven  other  strains  were 
cultivated  in  the  ascitic  fluid  medium,  but  I  was  unable  to  transfer 
them  to  semisolid  medium,  and  they  are,  therefore,  not  included  in 
the  total  number  of  cultivations.  The  eleven  strains,  incompletely 
isolated,  were  derived  in  part  from  monkeys  yielding  completely  iso- 
lated strains.  Table  II  summarizes  the  successful  and  partially  suc- 
cessful results  of  the  cultivations. 


WILSON   G.    SMILLDE 


327 


TABLE   II. 

Successful  and  Partially  Successful  Cultivation  of  the  Globoid  Bodies. 


Generation 

carried 

before 

discarding. 

Virus  cultivations  in  semisolid  medium. 

Virus  cultivations  in  ascitic  fluid  medium 
but  not  transferred  to  semisolid  medium. 

No.  of 

strains 

obtained. 

Source. 

Generation 

in  which 
culture  was 
obtained. 

No.  of 
strains 
obtained. 

Source. 

Generation 
in  which 

culture  was 
obtained. 

1 

3rd 

None. 

None. 

2 

4th 

" 

" 

3 

12th 

" 

1 

Mesenteric 
node. 

4th 

4 

9th 

" 

1 

Kidney. 

4th 

5 

10th 

1 

Brain. 

3rd 

1 

Brain. 

4th 

6 

12th 

2 

"      1, 
cord  1. 

5th 
6th 

1 

" 

4th 

7 

10th 

4 

Brain. 

4th 

None. 

8 

11th 

3 

" 

4th 

" 

9 

3rd 

None. 

" 

10 

2nd* 

" 

• 

" 

11 

1st* 

" 

" 

12 

12th 

5 

Brain. 

1,3rd 
1.4th 

" 

13 

8th 

6 

"    4, 
spleen  2. 

4th 

1 

Adrenal. 

4th 

14 

7th 

None. 

3 

Brain  2, 
spleen  1. 

3rd 

15 

4th 

" 

1 

Brain. 

3rd 

16 

4th 

" 

2 

" 

3rd 

17 

1st* 

" 

None. 

18 

4th 

1 

Brain. 

3rd 

" 

Total . 

22 

11 

*  .\11  tubes  contaminated  with  a  streptococcus. 

Nineteen  of  the  completely  isolated  strains  were  obtained  from  brain 
substance,  one  strain  was  cultivated  from  the  cervical  portion  of  the 
spinal  cord,  and  two  were  cultivated  from  the  spleen.  Of  the  eleven 
incompletely  isolated  strains,  seven  were  cultivated  from  the  brain, 
one  from  the  kidney,  one  from  a  mesenteric  node,  and  one  from  the 
spleen.  The  shortest  period  of  time  between  the  making  of  the  cul- 
tures at  autopsy  of  the  monkey  and  definite  establishment  of  a  posi- 
tive culture  was  28  days,  and  in  the  third  generation.     The  longest 
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period  required  for  the  definite  establishment  of  a  strain  in  semisoHd 
medium  was  54  days,  although  the  organism  in  this  case  had  been 
found  in  the  ascitic  fluid  tube  in  the  third  generation  on  the  30th  day. 
In  no  instance  was  a  definitely  positive  culture  found  in  the  first 
generation  of  tubes,  but  usually  the  organisms  were  present  in  suf- 
ficient numbers  in  the  second  generation  to  suggest  at  least  that  the 
result  would  eventually  be  positive.  The  globoid  bodies  are  so  small 
and  may  so  readily  be  confused  with  detritus,  that  even  a  presumptive 
decision  should  not  be  reached  unless  characteristic  forms  are  found 
under  at  least  five  different  microscopic  fields.  The  organisms  are  so 
few  in  number  in  the  second  generation  that  a  presumptive  test, 
though  possible,  is  a  long  and  tedious  process.  It  is  much  simpler 
and  more  satisfactory  to  make  subcultures  of  all  tubes  of  the  second 
generation  into  the  semisolid  medium  and  thus  reach  a  positive  con- 
clusion in  the  succeeding  generation  by  means  of  the  typical  growth 
in  colony  form. 

Occurrence  of  Streptococci  and  Other  Organisms. 

The  occurrence  of  streptococci  in  certain  series  of  the  cultures  has 
been  noted.  More  rarely  other  microorganisms  than  streptococci 
were  cultivated  instead  of  or  with  the  globoid  bodies.  We  should 
consider  the  sources  and  endeavor  to  estimate  the  significance  of 
these  classes  of  organisms.  It  is  obvious  that  culture  tubes  which 
require  so  much  manipulation  will  sometimes  become  contaminated. 
This  condition  will  account  for  the  miscellaneous  bacteria  sometimes 
encountered  in  the  tubes,  but  probably  not  for  the  streptococci  which 
have  come  to  occupy  a  position  of  prominence,  even  if  not  of  impor- 
tance, with  regard  to  the  vexed  question  of  the  etiology  of  poliomyelitis. 

The  streptococci,  when  present  in  the  cultures,  have  not,  as  a  rule 
certainly,  entered  with  the  ascitic  fluid  or  the  kidney  fragment  or 
from  the  air.  There  is  no  reason  to  doubt  that  they  have  been  intro- 
duced with  the  fragment  of  nervous  or  other  tissue  with  which  culti- 
vation was  attempted.  Whether  they  are  also  to  be  regarded  as 
contaminations  in  the  broad  sense  is  the  question  at  issue. 

A  summary  of  all  the  extraneous  microorganisms  encountered 
(Table  III)  reveals  that  a  large  proportion  was  streptococci.  It  is  of 
interest  to  have  found  that  the  tubes  prepared  from  the  liver  and 
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kidney  of  the  monkeys  were  more  frequently  attended  by  growth  of 
streptococci,  and  other  extraneous  organisms,  than  those  of  the  spleen, 
and  the  tubes  of  the  spleen  more  often  showed  extraneous  organisms 
than  those  of  the  brain. 

In  three  monkeys  there  was  a  rich  growth  of  a  pure  culture  of  strep- 
tococci in  all  the  tubes  of  the  first  generation,  the  control  tubes  re- 
maining sterile.  In  all  these  instances  the  animal  had  been  pros- 
trate 24  hours  or  longer,  and  in  two  instances  had  been  dead  several 
hours  when  the  autopsy  was  performed.  This  finding  is  in  such  defi- 
nite contrast  with  the  results  of  the  cultures  prepared  from  the  cor- 
responding tissues  of  monkeys  severely  paralyzed  but  not  yet  pros- 
trate and  moribund  or  dead  that  it  would  seem  to  throw  considerable 


TABLE    III. 


Summary  of  Contaminations  with  Streptococci  and  Other  Organisms  in  Poliomyelitic 
Cultivation  Experiments. 


No.  of  tubes 
contaminated 

with 
streptococci  in 


No.  of  tubes 
contaminated 
with  organisms 

other  than 
streptococci  in 
all  generations. 


Brain 

Spinal  cord 

Kidney 

Liver 

Spleen 

Adrenal 

Mesenteric  node, 

Thymus 

Pancreas 

Total 


137 
14 
31 
31 
30 
17 
19 
10 
4 


293 


50* 


27t 


16 


*  Forty-sLx  of  the  fifty  tubes  that  were  contaminated  with  streptococci  in  the 
first  generation  were  obtained  from  four  monkeys  that  had  been  prostrate  and 
moribund  for  a  considerable  time  before  autopsy.  The  remaining  four  strepto- 
coccic contaminations  in  the  first  generation  of  tubes  were  from  fourteen  other 
monkeys,  autopsied  imder  more  favorable  conditions. 

t  An  average  of  more  than  five  subcultures  from  each  original  tube  was  made 
so  that  the  total  number  of  contaminations  with  streptococci  in  all  subsequent 
generations  (27)  represents  the  extraneous  contaminations  in  over  1,000  tissue 
cultiu-e  tubes. 
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light  on  the  nature  of  the  streptococcal  invasion,  detected  by  Mathers 
(5),  Rosenow,  Towne,  and  Wheeler  (6),  and  Nuzum  and  Herzog  (7) 
in  human  beings  and  monkeys  who  have  succumbed  to  poliomyelitic 
infection. 

In  order  to  obtain  more  light  on  this  subject,  we  cultivated,  by 
means  of  the  technique  employed  for  the  globoid  bodies,  the  tissues 
of  monkeys  which  had  succumbed  in  the  laboratory  to  tuberculosis, 
dysentery,  knd  other  diseases,  and  isolated,  in  several  instances, 
streptococci  from  the  liver,  kidney,  spleen,  and  nerv'ous  tissues. 

The  streptococci  jielded  by  the  tissues  of  the  moribund  and  dead 
poliomyelitic  monkeys  were  transplanted  into  carbohydrate  media  and 
injected  into  rabbits.  The  fermentation  reactions  were  those  of 
streptococci  in  general  and  sharply  distinguished  them  from  the  glo- 
boid bodies.  The  inoculations  gave  results  so  closely  in  accordance 
with  those  described  by  Bull  (8)  as  not  to  call  for  restatement  here. 

Typical  Cultivation  Experiments. 

Experiment  A. — February  23.  Macacus  cynomolgus.  Inoculated  into  left 
cerebral  hemisphere  with  0.1  cc.  of  an  N  Berkefeld  filtrate  of  a  centrifuged  5  per 
cent  suspension  of  glycerolated  brain  and  spinal  cord  carrying  mixed  virus. 
March  4.  Tremor  of  head,  slow  movements,  weakness  of  arms.  March  5. 
Extensive  paralysis;  animal  unable  to  rise.  Etherized  and  bled  to  death  from 
the  heart.     The  autopsy  showed  the  presence  of  typical  lesions  of  poliomyelitis. 

Cultures  were  made  as  follows:  brain,  8  tubes;  spinal  cord,  4  tubes;  interverte- 
bral gangUon,  1  tube;  kidney,  3  tubes;  liver,  spleen,  thymus,  2  tubes  each.  Rab- 
bit kidney  fragments  from  a  single  animal  were  employed,  but  two  specimens  of 
ascitic  fluid  were  used.  The  even-numbered  tubes  received  ascitic  fiuid,  Lot  7, 
the  odd-numbered  tubes  Lot  10.  The  control  tubes  consisted  of  ascitic  fluid  plus 
kidney,  ascitic  fluid  alone,  and  a  kidney  tissue-ascitic  fluid  inoculated  with  stock 
culture  of  globoid  bodies  No.  973.  All  the  tubes  were  placed  in  the  hydrogen- 
nitrogen  jar  and  incubated,  and  in  addition  three  tubes  of  ascitic  fluid  plus  kidney 
and  brain  were  incubated  in  the  open  air  and  examined  every  other  day.  The 
latter  series  remained  sterile  and  was  discarded  on  the  8th  day. 

March  15.  Hydrogen  jar  opened.  Sodium  pyrogallate  solution  was  colorless; 
hence  the  jar  had  been  oxygen-free.  Fresh  kidney  tissue-ascitic  tubes  were  rein- 
oculated  from  each  of  the  original  tubes  e.xcept  the  thymus  tube.  The  fragment 
of  thymus  had  floated  to  the  top,  and  the  tube  was  discarded.  Rabbit  kidney  No. 
9  was  used  for  the  new  tubes;  and  for  the  even-numbered  tubes  ascitic  fluid  No. 
7  and  in  the  odd-numbered  tubes  ascitic  fluid  No.  6  were  used.  The  usual  con- 
trols were  added  and  all  placed  as  before  in  the  anaerobic  jar. 
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March  17.  The  microscopic  examination  of  the  first  generation  tubes  was 
negative  throughout. 

March  26.  The  second  anaerobic  jar  had  remained  oxygen-free.  In  removing 
the  tubes,  spleen  tube  No.  20  and  brain  tubes  Nos.  7  and  8  were  broken.  Micro- 
scopic e.xamination  of  the  remaining  intact  tubes  gave  the  following  result: 

Brain  Tube  No.  i.-^Organisms  suggestive  of  globoid  bodies. 

Spinal  Cord  Tubes  Nos.  10  and  12,  Ganglion  Tube  No.  13,  and  Spleen  Tube  No. 
19. — Indefinite  bodies,  somewhat  suggestive  of  the  globoid  bodies. 

Cord  Tube  No.  11  and  Liver  Tube  No.  17. — Grossly  contaminated. 

March  26.  Ascitic  fluid-kidney  tissue  tubes  were  inoculated  from  the  second 
generation,  using  ascitic  fluid  No.  13  for  the  odd-numbered  and  No.  6  for  the  even- 
numbered  tubes.     Anaerobic  cultivation. 

April  4.  The  jar  had  remained  free  of  oxygen.  Microscopic  examination  of 
the  tubes  gave  the  following  result : 

Brain  Tzcbe  No.  1. — No  growth. 

Brain  Tube  No.  5. — Same  as  No.  1. 

Other  tubes  of  the  third  generation  suggestive  of  globoid  bodies  were:  brain 
No.  6,  cord  No.  12,  and  kidney  No.  16. 

April  4.  Tubes  of  semisolid  medium  were  inoculated  and  placed  in  the  anae- 
robic jar. 

April  10.  Jar  opened.  .'Wl  the  cultures  were  negative  except  brain  No.  6, 
cord  No.  12,  intervertebral  ganglion  No.  13,  and  spleen  No.  19,  which  were 
merely  suggestive,  and  cord  No.  10,  which  contained  a  growth  of  the  globoid  bodies. 
Transplantation  from  the  tubes  which  were  suggestive  and  the  one  positive  to 
fresh  tubes  of  semisolid  medium  gave  no  result.  Thus  far  the  cultivation  experi- 
ments with  this  specimen  of  virus,  which  had  been  carried  through  7  or  8  weeks, 
resulted  in  three  cultures  of  the  globoid  bodies  which  could  not  be  developed  in 
the  fourth  generation. 

The  ascitic  fluid-kidney  tissue  culture  of  March  26  was  preserved  in  the  refrig- 
erator for  20  days.  Transplantation  from  it  was  again  made  into  fluid  and  semi- 
solid media.  Brain  tube  No.  1  gave  a  positive  growth  which  again  failed  to  grow 
in  the  next  transplantation.  But  by  returning  again  to  the  fluid  culture  of  March 
26,  a  strain  of  brain  No.  1  culture  was  secured  which  continued  to  grow  in  semi- 
solid medium.  Similarly  the  ascitic  fluid-tissue  tube  of  cord  No.  12,  made  on 
April  14  from  the  mother  tube  of  March  26,  was  positive  and  yielded  a  culture 
capable  of  growing  in  subcultures. 

Thus  from  a  total  of  more  than  100  tubes  carried  over  a  period  of 
more  than  2  months  and  through  five  or  sLx  generations,  two  strains 
of  the  globoid  bodies  which  bore  subculturing  were  finally  obtained. 
In  each  instance  the  organism  was  detected  in  the  second  generation; 
but  patience  and  persistence  were  needed  to  obtain  strains  which 
would  continue  to  grow  in  artificial  media.     All  the  cultivation  ex- 
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periments  were  not  so  long,  tedious,  and  difficult  as  this  one;  but  it 
has  been  given  in  detail  to  illustrate  the  intricacy  of  the  problem  of 
the  cultivation  of  the  globoid  bodies. 

Experiment  B.^April  15.  Macaais  rhesus.  A  cotton  plug,  containing  1  gm. 
of  fresh  mixed  virus,  was  placed  in  the  left  nares,  where  it  was  allowed  to  remain 
for  16  hours.  April  22.  Right  arm  was  paralyzed.  April  25.  Paralysis  has  slow- 
ly progressed ;  animal  was  almost  prostrate  but  was  bright.  April  27.  Extensive 
paralysis;  complete  prostration.  Etherized  and  bled  from  the  heart.  Autopsy 
showed  the  presence  of  typical  lesions  of  poliomyelitis  in  the  cord  and  brain. 

Cultures  were  made  as  follows:  Brain,  8  tubes;  kidney,  2  tubes;  spleen,  3  tubes; 
adrenal,  2  tubes;  liver,  3  tubes;  mesenteric  nodes,  2  tubes;  and  pancreas,  2  tubes; 
a  total  of  22  tubes.  Three  lots  of  ascitic  fluid  were  used  and  kidney  tissue  from 
two  rabbits,  the  same  ascitic  fluid  being  placed  in  every  third  tube  and  the  same 
rabbit  kidney  tissue  in  every  alternate  tube.  Controls  were  made  as  usual. 
The  hydrogen-nitrogen  jar  was  used  and  was  satisfactory  throughout  the 
experiment. 

May  8.  The  anaerobic  jar  was  opened  and  all  tubes  were  found  to  be  in  good 
condition  except  one  liver  tube,  which  was  broken.  A  complete  set  of  tissue  tubes 
was  made  up,  one  rabbit  kidney  and  two  fresh  ascitic  fluids  being  used.  These 
were  placed  in  the  hydrogen-nitrogen  jar  as  before.  Microscopic  examination  of 
the  tubes  of  the  first  generation  showed  no  growth  in  any  tube. 

May  20.  The  anaerobic  jar  of  May  8  was  opened.  Examination  of  the  tubes 
revealed  a  typical  microscopic  picture  of  the  globoid  bodies  in  brain  tubes  Nos.  1 
and  5.  One  spleen  tube  and  one  liver  tube  were  contaminated  with  a  large  Gram- 
positive  bacillus  and  were  discarded.  Semisolid  tissue  culture  tubes  were  made 
from  each  of  the  remaining  tissue  culture  tubes  of  the  second  generation  and 
placed  in  a  hydrogen-nitrogen  jar. 

May  29.  The  anaerobic  jar  of  May  20  was  opened.  A  few  tiny  colonies  were 
to  be  seen  in  the  bottom  of  the  following  tubes:  brain  No.  4,  brain  No.  5,  brain  No. 
6,  spleen  No.  12,  spleen  No.  13,  and  adrenal  No.  11.  Microscopic  examination 
confirmed  the  presence  of  the  globoid  bodies.  There  was  no  growth  in  the  other 
tubes,  and  they  were  discarded. 

Fresh  semisolid  tissue  tubes  were  at  once  made  of  all  the  suggestive  semisolid 
cultures  of  the  third  generation  and  also  from  the  ascitic  fluid  tubes  of  the  second 
generation,  which  had  been  kept  in  the  ice  box  since  May  20.  These  lubes  were 
all  placed  in  the  anaerobic  jar  as  usual. 

The  fourth  generation  tubes  resulted  in  the  definite  establishment  of  four  brain 
strains,  three  from  the  semisolid  media  of  May  29  and  one  from  the  ascitic  fluid 
media  of  May  20.  The  two  spleen  strains  were  also  definitely  established  from 
the  spleen  semisoHd  tubes  of  May  29.  Adrenal  tube  No.  11  yielded  a  typical 
growth  in  the  third  generation,  but  it  refused  to  grow  in  all  subsequent  generations 
and  therefore  cannot  be  included  in  the  series. 
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In  this  experiment,  therefore,  a  total  of  six  positive  cultures  was 
obtained,  four  from  the  brain  and  two  from  the  spleen,  out  of  a  total 
of  twenty-two  original  tubes.  There  were  two  contaminations  in  the 
series,  both  occurring  in  the  second  generation. 

Carhohydrate  Reactions  of  the  Globoid  Bodies. 

In  their  original  publication  Flexner  and  Noguchi  (1)  state  that 
the  globoid  bodies  have  no  ability  to  split  the  polysaccharides,  alco- 
hols, or  even  the  simple  hexoses.     Since  it  is  obvious  that  if  an  organ- 


TABLE     IV. 

Reaction  of  the  Globoid  Bodies  upon  Simple  Sugars. 


Strain  No. 

Dextrose. 

Lactose. 

StraiDS. 

Titration 

to 

phenol- 

phthalein 

in  the  cold. 

pH 

Titration 

to 

phenol- 

plithalein 

in  the  cold. 

pH 

New  strains. 

5 

6  (Brain  No.  1). 
6  (Cord    "   12). 
7 
8 
12 

4  (Brain  No.  3). 
4  (Spleen  "    13). 

0.60 
0.56 
0.62 
0.52 
0.50 
0.64 
0.46 
0.56 

7.3 

7.3 

7.3 

7.25 

7.3 

7.2 

7.3 

7.3 

0.72 
0.60 
0.62 
0.50 
0.64 
0.68 
0.64 
0.58 

7.3 

7.2 
7.3 
7.3 
7.2 
7  2 
7.2 
7.3 

Stock  strains. 

1281 
1328 
973 

0.56 
0.52 
0.56 

7.2 
7.2 
7.3 

0.48 
0.60 
0.70 

7.3 
7.2 
7.3 

Controls.   Streptococci.* 

1623-2 
1556 

6.6 
4.56 

5.3 
5.8 

5.6 
3.1 

5.6 
6.0 

Controls. 
Kidney  -|-  ascitic  broth. 
Ascitic  broth  alone. 

0.60 
0.54 

7.1 
7.25 

0.62 
0.54 

7.2 
7.3 

Titration  results  are  e.xpressed  in  the  number  of  cc.  of  0.1  x  sodium  hydroxide 
which  would  be  required  to  neutralize  100  cc.  of  the  medium. 

The  hydrogen  ion  concentrations  were  done  by  the  Henderson-Palmer  colori- 
metric  method  (9). 

*  Both  strains  of  streptococci  were  obtained  from  the  first  generation  of  brain 
tissue  lubes  from  poliomyelitic  monkeys. 
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ism  is  unable  to  affect  simple  sugars,  it  will  also  be  unable  to  affect 
higher  ones,  the  first  necessary  experiment  is  to  determine  the  reac- 
tion of  the  organism  upon  simple  sugars. 

In  our  experiments  dextrose  and  lactose  only  were  used.  The 
medium  employed  is  described  in  the  paragraphs  upon  technique. 
There  are  so  many  buffer  salts  in  an  ascitic  bouillon  medium  that 
the  determination  of  acid  production  by  titration  with  0.05  N 
sodium  hydroxide  is  not  satisfactory.  Instead,  one  should  use  one 
of  the  various  methods  for  the  determination  of  the  hydrogen  ion 
concentration. 

Eleven  strains  of  the  globoid  bodies  were  inoculated  into  the  sugar 
media.  Eight  of  them  had  been  isolated  within  the  past  3  months, 
and  three  were  stock  cultures  that  had  been  cultivated  in  the  labora- 
tory for  one  or  more  years.  Controls  were  added  to  the  series  of  two 
strains  of  streptococci  which,  as  contaminations,  had  been  isolated 
from  poliomyehtic  monkeys  during  the  previous  3  months.  Con- 
trols also  were  added  of  tubes  containing  ascitic  broth  plus  rabbit 
kidney  tissue  and  ascitic  broth  alone.  The  tubes  were  incubated  in 
an  anaerobic  jar  for  7  days,  at  the  end  of  which  time  there  was  a  good 
growth  in  each  tube.  The  results  of  the  experitnent  are  summarized 
in  Table  IV.  Thus  none  of  the  globoid  bodies  were  able  to  attack 
the  simple  sugars,  while  the  two  strains  of  streptococci  attacked 
them  vigorously. 

Inoculation  of  Monkeys  witli  Cultures  oj  the  Globoid  Bodies. 

That  the  inoculation  of  pure  cultures  of  the  globoid  bodies,  even  in 
a  remote  generation,  will  sometimes  produce  infection  in  monkeys, 
attended  by  the  symptoms  and  specific  lesions  of  experimental  polio- 
myeUtis,  has  been  shown  by  the  reports  of  Flexner  and  Noguchi  (1), 
and  Flexner,  Noguchi,  and  Amoss  (10).  On  the  other  hand,  their  ex- 
periments indicate  that  it  is  exceptional  for  the  cultivated  globoid 
bodies  to  exhibit  definite  pathogenic  properties.  However,  the  ob- 
servation was  made  that  in  some  animals  in  which  a  single  inocula- 
tion failed  to  cause  any  symptoms,  a  subsequent  one  was  followed  by 
typical  paralysis  attended  by  the  specific  lesions  in  the  central  nerv- 
ous organs  of  the  infected  monkeys. 


WILSON    G.    SMILLIE  335 

The  question  naturally  arose  whether  any  of  the  cultures  of  the 
globoid  bodies  isolated  by  me  possessed  pathogenic  properties.  Eight 
different  strains  were  inoculated  into  Macacus  rhesus  monkeys.  In 
some  instances  a  single  injection,  in  others  several  injections  were 
given.  Three  of  the  inoculated  animals  developed  some  degree  of 
paralysis  following  intracranial  or  intraspinal  inoculation.  In  one 
instance  the  culture  was  in  the  fourth,  in  the  remaining  two  in  the 
iifth  generation.  The  other  five  animals  did  not  develop  suspicious 
sjTiiptoms.  A  brief  recapitulation  of  the  protocols  of  the  three 
monkeys  showing  paralysis  is  given,  followed  by  a  discussion  of  the 
significance  of  the  experiments. 

Experiment  C. — Macacus  rhesus.  May  19.  Left  intracerebral  inoculation  of 
2  cc.  of  an  ascitic  fluid  culture  M.A.  in  the  fifth  generation  of  the  globoid  bodies 
derived  from  the  brain  of  a  monkey.  May  25.  Animal  had  a  convulsion,  follow- 
ing which  it  was  ata.xic  and  dazed.  Lumbar  puncture  yielded  a  turbid  fluid 
under  pressure  containing  1,400  cells,  chiefly  lymphocytes,  and  +  + globulin  with 
0.1  cc.  May  26.  Left  arm  protected;  slight  left  facial  palsy;  ataxia.  May  28. 
Facial  paralysis  marked.  Following  lumbar  puncture  brief  convulsion.  Cerebro- 
spinal fluid  clearing;  e.xcess  of  lymphocytes.  May  31.  Condition  improved; 
probably  will  recover;  etherized  for  cultures  and  histology.  The  autopsy  re- 
vealed a  cyst  at  the  point  of  inoculation,  containing  yellow  fluid.  A  filtrate  of  the 
local  site  and  an  emulsion  of  the  spinal  cord  and  medulla  were  inoculated  into  two 
rhesus  monkeys,  respectively;  neither  developed  symptoms. 

Cultures  were  prepared  from  the  brain,  kidney,  liver,  spleen,  mesenteric 
node,  and  adrenals.  AU  tubes  were  carried  through  three  generations  without 
contamination.  The  globoid  bodies  were  isolated  from  one  tube  only,  brain  tube 
No.  2. 

Sections  were  prepared  from  the  medulla,  cervical  and  lumbar  regions  of  the 
spinal  cord,  and  intervertebral  ganglia.  In  none  were  any  lesions  characteristic 
of  poUomyelitis  foimd. 

The  globoid  bodies  employed  for  inoculation  were  derived  from  the 
M.A.  virus,  which,  in  its  present  condition,  is  of  low  virulence  for 
monkeys.  The  inoculation  gave  rise  to  a  local  cyst,  which  rarely 
results  from  the  intracerebral  inoculations,  attended  by  a  distinct  left 
facial  palsy  and  weakness  (?)  of  the  left  arm.  It  is  doubtful  whether 
the  sjTnptoms  denoted  experimental  poliomyelitis.  Probably  the 
facial  palsy  was  related  to  the  cyst  formation  at  the  inoculation  site; 
as  definite  paralysis  did  not  appear  in  the  arm,  the  appearance  of 
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weakness  may  have  been  deceptive.  The  complete  absence  of  his- 
tological lesions  is  inconsistent  with  the  production  of  typical  exper- 
imental poHomyelitis ;  although  since  the  only  developed  paralysis  was 
facial,  it  is  always  possible  that  exhaustive  microscopic  study  might 
have  revealed  poHomyeHtic  lesions  in  the  nucleus  of  the  facial  nerve. 
However,  the  failure  of  the  filtrate  and  tissue  emulsion  to  transmit 
the  disease  to  other  monkeys  also  speaks  against  the  condition  having 
been  experimental  poliomyelitis. 

On  the  other  hand,  the  injection  of  the  globoid  bodies  gave  rise  to 
a  marked  cellular  reaction  in  the  cerebrospinal  fluid,  in  which  the 
predominating  cells  were  lymphocytic.  Ordinary  bacteria  which  set 
up  a  meningitis  usually  produce  polymorphonuclear  cells.  But  the 
chief  point  of  importance  is  the  great  difficulty  and  slight  success  at- 
tending the  recovery,  by  cultivation,  of  the  globoid  bodies,  even  from 
the  inoculated  nervous  tissues.  Once  these  cultivated  microorganisms 
readapt  themselves  to  the  condition  of  growth  witliin  the  living  body, 
they  resist  artificial  cultivation  as  do  the  original  tissue  parasites — a 
point  noted  in  Flexner  and  Noguchi's  first  communication. 

Experiment  D. — Macacus  rhesus.  June  9.  Inoculated  into  the  left  cerebral 
hemisphere  with  2  cc.  of  a  lightly  cenlrifuged  unwashed  sediment  of  a  5  day  old 
mass  culture  of  the  globoid  bodies  isolated  from  the  spleen  of  a  monkey.  The 
strain  of  the  globoid  bodies  had  passed  through  five  generations  and  been  under 
cultivation  for  55  days.  This  animal  developed  convulsions,  ataxia,  and  weak- 
ness of  arms  and  legs.  A  lumbar  puncture  performed  on  June  14  yielded  fluid 
not  under  pressure,  containing  -f- -|-  globulin  0.1  cc.  and  110  mononuclear  cells 
per  c.  mm.  June  24.  The  symptoms  had  all  diminished.  The  animal  was 
given  2  cc.  of  a  culture  of  the  globoid  bodies  from  the  spleen  intraspinally  and 
4  cc.  intraperitoneaUy.  The  only  result  of  this  injection  was  to  bring  about  a 
temporary  increase  of  the  ata.xia.     Recovery  finally  became  complete. 

While  a  definite  reaction  was  obtained  in  this  instance,  there  is 
doubt  whether  the  symptoms  really  indicated  the  production  of  ex- 
perimental poliomyelitis. 

Experiment  E. — Macacus  rhesus.  June  2.  An  intraspinal  injection  was  made 
of  2  cc.  of  a  mass  M.A.  culture  in  the  fourth  generation.  June  7.  The  animal 
was  somewhat  ataxic  and  excitable,  and  the  right  arm  was  protected.  June  18. 
The  animal  was  distinctly  weak  and  tended  to  fall  to  the  left  side.  Etherized. 
The  autopsy  revealed  a  generalized  tuberculosis  of  the  viscera.  A  few  tubercles 
were  detected  in  the  meninges. 
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The  histological  examination  of  the  spinal  cord;  medulla,  brain,  and  interver- 
tebral ganglia  revealed  no  poliomyelitic  lesions.  A  miliary  tubercle  was  present 
in  the  intima  of  a  small  vein  in  one  of  the  ganglia. 

In  other  words,  aside  from  the  symptoms  suggestive  of  e.xperimental  polio- 
myelitis, no  pathologic  basis  for  the  diagnosis  could  be  obtained.  The  experi- 
ment should  be  regarded  as  negative. 

If  we  review  the  results  of  the  inoculation  of  monkeys  with  cul- 
tures of  the  globoid  bodies,  we  must  conclude  that,  while  certain 
s>Tnptoms  suggestive  of  poliomyelitis  were  sometimes  produced,  in  no 
instance  was  the  experimental  disease,  as  detennined  by  the  presence 
of  typical  lesions  in  the  nervous  organs,  actually  set  up.  Our  experi- 
ments confirm,  therefore,  the  conclusion  arrived  at  by  Flexner  and 
Noguchi,  that  it  is  the  very  exceptional  cultures  only  which  retain 
pathogenic  power  sufficient  to  cause  infection  in  monkeys. 

DISCUSSION. 

The  presentation  "of  this  work  on  the  cultivation  of  the  globoid 
bodies  may  be  considered  from  several  points  of  view.  Perhaps  the 
first  point  that  should  be  discussed  is  that  relating  to  the  ultimate 
results  achieved.  The  experim.ents  show  clearly,  I  think,  that  if  the 
experimenter  has  suitable  poliomyelitic  tissues  to  work  on  and  suitable 
samples  of  ascitic  fluid,  and  if  the  inoculated  tubes  are  kept  under 
strict  anaerobic  conditions,  and  transferred  at  proper  intervals,  suc- 
cessful results,  in  some  degree,  will  almost  surely  follow.  In  fact, 
the  decision  arrived  at  was  to  the  effect  that  it  may  be  possible  to  cul- 
tivate the  globoid  bodies  from  practically  all  cases  from  which  suitable 
material  is  available.  If,  for  example,  the  ascitic  fluid  available  dur- 
ing the  period  of  May  15  to  June  1  had  been  suitable,  the  globoid 
bodies  present  in  the  fluid  medium  could  probably  have  been  grown 
in  the  semisolid  medium.  Because  of  this  failure,  I  can  report  the 
cultures  merely  as  suggestive  instead  of  as  positive.  Similarly,  in 
other  experiments  (Nos.  3  and  4,  Table  II),  it  is  highly  probable  that 
growth  in  the  semisolid  medium  would  have  taken  place  had  the 
hydrogen-nitrogen  jar  been  employed  instead  of  the  vacuum  jar. 

However,  the  introduction  of  the  hydrogen-nitrogen  jar  has  not 
removed  the  chief  drawbacks  of  the  method;  namely,  the  personal 
factor  of  painstaking  care  and  perseverance.     At  best  the  methods 


338  GLOBOID   BODIES    OF   POLIOMYELITIS 

are  long,  tedious,  often  discouraging,  requiring  now  and  again  months 
of  tinie,  abundance  of  suitable  material,  and  an  exact  technique  in 
order  to  succeed  even  in  one  experiment.  I  do  not  consider  that  I 
have  modified  fundamentally  the  original  Noguchi  technique.  I  have 
devised  an  alternative  method  which  seems  to  possess  certain  ad- 
vantages. And  yet  I  never  succeeded  in  identifying  the  globoid 
bodies  in  the  first  generation,  although  the  original  investigators  did 
so. 

The  chief  difficulty  encountered  is  the  establishment  of  the  strain. 
It  would  appear  either  that  the  more  pathogenic  of  the  organisms  do 
not  develop  in  the  artificial  cultures,  or  that  when  they  develop  they 
do  so  at  the  expense,  as  a  rule,  of  their  power  to  produce  infection. 
In  this  respect  they  may  be  said  to  resemble  Treponema  pallidum, 
with  which  they  share  so  many  cultural  requirements  and  immunologi- 
cal reactions,  as  has  previously  been  pointed  out  by  others  (1,  11). 

After  having  once  become  established  and  accustomed  to  the  arti- 
ficial media,  the  globoid  bodies  grow  more  readily,  may  be  more  easily 
transferred,  and  will  survive  at  refrigerator  temperature  for  months. 
There  are  certain  limitations,  however,  beyond  which  they  will  not 
go.  Body  fluids,  preferably  ascitic  fluid,  are  required  for  their  de- 
velopment, and  strict  anaerobiosis  is  also  essential.  Furthermore, 
the  reaction  of  the  culture  media  must  be  at  approximately  blood 
neutrality,  and  indicators,  such  as  litmus,  neutral  red,  Andrade's, 
etc.,  inhibit  their  growth. 

The  results  obtained  from  the  cultures  of  organs  other  than  nervous 
tissues  were  unsatisfactory.  The  great  obstacles  to  success  with 
them  appear  to  be  contaminating  organisms,  particularly  the  strep- 
tococcus. This  common  microorganism  appears  to  be  more  fre- 
quently, present  in  the  general  viscera  than  in  the  central  nervous  or- 
gans; and  the  cultures  prepared  from  the  kidney  and  liver  are  the 
ones  most  often  developing  streptococci.  Apparently  also  the  globoid 
bodies  are  present  less  constantly  or  in  smaller  numbers  in  the  general 
viscera.  Finally,  despite  the  exsanguination  of  the  animal,  the  vis- 
ceral tissues  always  contain  a  certain  amount  of  blood,  which  probably 
interferes  with  the  development  of  the  globoid  bodies  in  the  initial 
culture  tubes. 

Despite  these  adverse  factors,  the  successful  cultivation  of  the  organ- 
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ism  from  the  spleen  shows  that  it  is  contained  outside  the  nervous  and 
in  the  hinphatic  visceral  organs.  Moreover,  in  four  other  instances, 
the  globoid  bodies  were  cultivated  from  the  visceral  tissues  in  the 
fluid  medium,  although  they  could  not  be  developed  in  the  semisolid 
medium.  These  strains  included  one  from  the  adrenal  of  the  animal 
uelding  the  spleen  culture,  another  spleen  culture,  one  from  the  kid- 
ney, and  one  from  the  mesenteric  l>inph  node  of  two  other  monkeys. 
The  experiments  are  the  first  reported  in  which  the  globoid  bodies 
have  been  cultivated  from  tissues  other  than  those  of  the  central 
nervous  system. 

The  inoculation  of  monkeys  with  the  cultures  should  be  regarded 
as  ha\ang  failed  to  produce  the  experimental  poliomyehtis.  The  cir- 
cumstances surrounding  the  failures  are  in  themselves  instructive. 
Had  the  deductions  been  based  merely  on  the  clinical  symptoms,  they 
would  have  pointed  to  the  induction  of  the  infection.  The  ultimate 
criteria  of  experimental  poliomyelitis  are  (1)  the  t>pical  histological 
lesions  and  (2)  recommunicability  of  the  disease  by  inoculation  of  the 
nervous  tissues  of  the  suspected  case.  Since  neither  of  these  could 
be  satisfied  in  the  experiments,  I  regarded  them  as  negative. 

CONCLUSIONS. 

The  globoid  bodies,  identical  in  morphological  and  cultural  charac- 
teristics with  the  organisms  described  by  Flexner  and  Noguchi,  have 
been  obtained  in  twenty-two  cultures  from  the  tissues  of  seven  mon- 
keys suffering  from  experimental  poUomyehtis. 

Twenty  of  the  strains  were  cultivated  from  the  central  nervous  or- 
gans, all  being  obtained  from  the  cerebnmi  except  one,  which  was 
cultivated  from  the  cer\acal  portion  of  the  spinal  cord. 

Two  strains  were  cultivated  from  the  spleen. 

None  of  the  cultivated  strains  inoculated  produced  typical  polio- 
myelitis in  monkeys. 

The  recovery  of  a  strain  of  the  globoid  bodies  from  the  inoculated 
monkey  is  as  difficult  as  is  the  original  cultivation  of  the  organisms 
from  animals  inoculated  with  the  ordinary  virus  of  pohomyehtis. 

Nothing  in  this  study  has  served  to  implicate  the  streptococcus  in 
the  pathology  of  the  poliomyelitic  process;  the  streptococcus  is,  how- 
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ever,  encountered  as  a  common  contaminant  or  secondary  invader, 
especially  in  animals  which  have  been  etherized  while  moribund,  or 
which  had  died  some  hours  previous  to  the  autopsy.  When  the 
infected  and  paralyzed  animals  are  killed  while  still  strong,  secondary 
invading  bacteria,  including  the  streptococcus,  tend  to  be  absent  from 
the  tissues. 

A  modified,  perhaps  improved,  but  alternative  method  has  been 
devised  for  the  cultivation  of  the  globoid  bodies  and  other  microor- 
ganisms demanding  a  high  degree  of  anaerobiosis. 
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Though  all  phases  of  anaphylaxis  have  been  studied  in  animals, 
comparatively  few  systematic  investigations  have  been  made  upon 
the  condition  as  it  occurs  in  man.  Moreover,  different  species  vary 
in  their  susceptibility  to  artificial  sensitization  of  foreign  proteins 
as  well  as  in  their  reactions  to  a  second  injection  of  protein,  and 
hence  it  is  highly  essential  when  opportunities  arise  to  study  in  detail 
the  problems  of  anaphylaxis  in  man. 

In  this  connection  the  essential  difference  between  man  and  the 
experimental  animals  is  that  the  primary  sensitizing  dose  of  serum  in 
animals  is  not  followed  by  any  obvious  symptoms,  whereas  in  man  it 
frequently  results  in  serum  disease.  The  object  of  this  investigation 
was  to  determine  what  relation,  if  any,  existed  between  the  forma- 
tion of  antibodies  to  horse  serum  and  the  course  of  serum  disease. 

During  the  last  few  years  we  have  had  an  opportunity  to  study 
this  problem  in  twenty-five  individuals  who,  for  therapeutic  purposes, 
have  received  various  quantities  of  antitoxic  or  antibacterial  horse 
sermn.  Of  the  twenty-five  cases,  twenty-one  suffered  from  pneu- 
monia and  received  repeatedly  large  doses  of  antipneumococcus 
horse  serum  intravenously.'  The  smallest  amount  administered  to 
one  patient  was  5  cc,  the  largest  630  cc,  and  the  average  amounts 
varied  from  180  to  360  cc.  Of  the  remaining  four  cases,  one  of  men- 
ingitis received  40  cc.  of  antimeningococcus  serum  intraspinally,  one 

*  Coolidge  Fellow,  Columbia  University,   1916-17. 

'  This  serum  was  kindly  furnished  by  Dr.  Rufus  Cole  of  the  Hospital  of  The 
RockefeDer  Institute  for  Medical  Research  and  was  an  antiserum  for  Pneumo- 
coccus  Type  I. 
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case  of  tetanus  received  22.5  cc.  of  antitetanus  serum  intraspinally, 
and  two  cases  of  diphtheria  each  received  7.5  cc.  of  the  antitoxin 
subcutaneously. 

To  demonstrate  the  antisubstances  to  foreign  protein  in  animals 
and  occasionally  in  man,  three  methods  have  heretofore  been  em- 
ployed: first,  the  test  for  precipitins;  second,  the  demonstration  of 
anaphylactin  by  the  passive  transfer  of  anaphylaxis  by  the  blood 
serum  of  the  test  animals  to  a  normal  guinea  pig;  and  third,  the  pres- 
ence of  a  specific  skin  reaction.  Since  the  classic  studies  of  von 
Pirquet  and  Schick  upon  serum  disease  (1),  a  nimiber  of  investiga- 
tions have  been  made  upon  the  relation  that  one  or  another  of  these 
reactions  bears  to  the  development  of  serum  disease,  but  without 
definite  results  as  regards  their  significance. 

Hamburger  and  Moro  (2),  who  first  studied  the  precipitin  reaction  in  children 
following  injections  of  diphtheria  antitoxin,  found  that  the  reaction  appeared 
during  serum  disease,  and  as  the  precipitin  increased  in  concentration  in  the 
blood  the  precipitinogen  or  horse  serum  decreased.  They  concluded  that  the 
interaction  of  precipitin  and  horse  serum  in  the  circulation  produced  a  poisonous 
substance  that  was  responsible  for  serum  disease.  Von  Pirquet  and  Schick 
could  find  no  relation  between  the  presence  of  precipitins  in  the  circulation  and 
serum  disease.  Lemaire  (3)  confirmed  the  results  of  Hamburger  and  Moro,  and 
stated,  further,  that  precipitins  were  not  demonstrable  unless  serum  disease 
followed  the  injections  of  antitoxin.  Wells  (4),  in  a  study  of  the  precipitin  con- 
tent of  the  blood  of  children  to  whom  diphtheria  antitoxin  had  been  adminis- 
tered, found  precipitin  in  the  circulation  occasionally  before  the  onset  of  serum 
disease.  During  serum  disease  precipitin  was  present  in  low  concentration  but 
rose  rapidly  in  concentration  towards  the  end  of  the  illness  to  fall  gradually 
thereafter  and  eventually  disappear.     Weil  (5)  has  made  similar  observations. 

Regarding  the  development  of  anaphylactin  during  serum  disease,  little  is 
known.  The  isolated  observations  of  Rosenau  and  Anderson  (6),  Anderson  and 
Frost  (7),  Achard  and  Flandin  (8),  and  Weil  (9)  show  that  anaphylactin  to 
horse  serum  may  be  transferred  passively  from  man  to  guinea  pig.  Novotny 
and  Schick  (10),  however,  succeeded  in  demonstrating  anaphylactin  in  the  blood 
of  only  two  of  twelve  children  that  had  received  injections  of  horse  serum. 
Grysez  and  Bernard  (11),  on  the  other  hand,  were  able  to  sensitize  guinea  pigs 
passively  to  horse  sefum  with  the  blood  drawn  from  eleven  children  5  to  243  days 
after  the  injection  of  horse  serum. 

Doerr  and  Russ  (12),  Doerr  and  Moldovan  (13),  and  recently  Weil  (14)  have 
brought  forth  evidence  to  show  that  the  precipitating  substance  and  anaphylac- 
tin are  one  and  the  same,  but  since  it  has  also  been  shown  both  by  Doerr  and 
Moldovan  and  by  Weil  that  serum  may  transmit  passive  anaphyla.xis  and  yet 
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show  no  precipitating  properties,  it  is  necessary  in  any  investigation  upon  the 
development  of  antibodies  in  serum  to  take  into  account  the  presence  of  both 
these  reactions.  It  is  possible,  moreover,  that  the  anaphylactic  antibody  which 
these  observers  find  in  the  precipitate  formed  when  antigen  and  antiserum  are 
brought  together  may  not  be  identical  with  the  precipitate  but  absorbed  by  it 
during  the  process  of  precipitation.  That  protective  antibodies  may  be  carried 
down  from  antiserum  by  precipitates  is  well  known, ^  and  it  is  possible  that  the 
same  may  be  true  of  anaphylactic  antibody. 

The  occurrence  of  the  specific  skin  reaction  during  and  after  serum  disease 
has  been  observed  by  Hamburger  and  Pollak  (15),  Michiels  (16),  and  Cowie 
(17).  Michiels  found  that  the  reaction  could  rarely  be  obtained  during  serum 
sickness  though  it  appeared  shortly  after  the  cessation  of  the  illness.  Cowie, 
by  making  repeated  intradermal  inoculations  of  0.5  cc.  of  horse  serum  in  children 
who  had  received  immunizing  doses  of  diphtheria  antitoxin,  obtained  a  positive 
skin  reaction  in  one  case  on  the  4th  day,  in  seven  cases  on  the  5th  day,  and  in 
nine  cases  between  the  6th  and  10th  days  after  the  injection  of  antitoxin. 

In  the  present  investigation  the  three  methods  of  study  already 
discussed  have  been  employed,  though  in  only  four  cases  have  they 
all  been  applied  to  the  same  individual.  In  order  to  determine  the 
time  of  appearance  and  the  relation  of  these  reactions  to  serum  dis- 
ease, observations  were  made  at  short  intervals  before,  during,  and 
after  serum  disease  in  all  cases.  The  curves  of  precipitin  formation 
were  studied  in  fourteen  cases,  the  development  of  anaphylactin  in 
fifteen,  and  the  appearance  of  the  skin  reaction  in  fifteen  cases. 

The  precipitin  reaction  was  carried  out  as  foUows:  To  0.5  cc.  of 
horse  serimi  undiluted  and  in  dilutions  up  to  1 :  100,000  in  isotonic 
salt  solution,  the  patient's  serum  was  added  in  quantities  of  0.5  cc. 
As  controls  horse  serum  was  titrated  against  anti-horse  rabbit  serum 
and  normal  human  serum  in  similar  amounts,  while  sheep  serum  and 
beef  serum  were  titrated  against  the  patient's  seruin.  The  tubes 
were  kept  at  37°C.  for  1  hour  and  then  allowed  to  stand  over  night 
in  the  ice  box,  when  the  final  reading  was  made. 

In  attempts  to  transmit  anaphylactin  from  one  species  to  another 
cognizance  must  be  taken  of  the  fact  demonstrated  by  Weil  (18) 
and  by  Lewis  (19)  that  when  two  different  antigens  or  foreign  pro- 
teins are  simultaneously  injected  into  an  animal  the  protein  in  excess 

*  For  a  discussion  of  this  subject  see  Gay,  F.  P.,  and  Chickering,  H.  T.,  J .  Exp. 
Med.,  1915,  xxi,  389. 
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may  prevent  either  active  or  passive  sensitization  to  the  other  pro- 
tein. It  has  also  been  repeatedly  observed  in  attempts  to  transmit 
anaphylaxis  passively  that  small  amounts  of  serum  will  give  positive 
results  when  the  experiment  fails  with  larger  quantities.  These 
facts  soon  became  obvious  in  the  present  investigation  and,  there- 
fore, in  each  experiment  a  series  of  guinea  pigs  was  injected  with 
var\'ing  quantities  of  the  patients'  serum. 

The  blood  drawn  from  the  patient  was  centrifugalized  immedi- 
ately, the  serum  separated,  heated  at  56°C.  for  30  minutes,  and 
injected  intraperitoneally  into  four  to  eight  guinea  pigs  in  doses 
varying  from  0.1  to  3  cc.  In  the  majority  of  instances  four  doses 
were  employed:  0.1  cc,  0.5  cc,  1  cc,  and  3  cc.  After  an  interval  of 
18  to  30  hours  an  intravenous  injection  of  0.5  cc.  of  horse  serum  was 
given  to  each  guinea  pig.  Definite  sjoiiptoms  of  anaphylactic  shock 
were  required  before  the  result  was  termed  positive. 

To  test  the  skin  reaction  0.02  to  0.05  cc.  of  1 :  10  and  1 :  100  dilu- 
tions of  horse  serum  was  injected  intradermally  by  means  of  a 
specially  graduated  glass  syringe.  In  the  normal  individual  these 
minute  quantities  of  serum  may  occasionally  give  rise  to  an  immedi- 
ate reaction.  This  consists  in  the  appearance  within  30  seconds  to  1 
minute  of  a  red  areola  1  to  3  cm.  in  diameter  which  rapidly  fades 
within  the  next  5  minutes  and  is  succeeded  by  a  white  indurated 
wheal  5  to  7  mm.  in  diameter.  This  may  persist  for  15  to  20  min- 
utes. Since  the  same  reaction  may  be  obtained  with  various  fluids, 
such  as  isotonic  salt  solution  and  water,  it  was  considered  by  us  as 
a  traumatic  reaction.  In  the  individual  sensitized  to  horse  serum 
the  traumatic  reaction  may  or  may  not  occur.  Under  any  circum- 
stances the  true  reaction  makes  its  first  appearance  in  10  to  15  min- 
utes. At  this  time  the  original  wheal  rapidly  grows,  becomes  firm, 
yellowish  in  color,  often  itches,  and  at  the  same  time  a  red  areola 
spreads  from  the  margin  of  the  wheal  until  after  20  to  30  minutes 
the  wheal  reaches  15  to  20  mm.  in  diameter  and  the  areola  30  to  50 
mm.  in  diameter.  Within  half  an  hour  the  reaction  begins  to  fade 
and  after  1  to  I5  hours  subsides. 

To  follow  the  development  of  this  reaction  intradermal  injections 
of  diluted  horse  serum  were  always  made  before  the  therapeutic  in- 
jections of  horse  serum  and  at  frequent  intervals  afterwards  until 
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strongly  positive  reactions  were  obtained.  As  controls,  sheep  and 
beef  serum  in  the  same  quantities  and  isotonic  salt  solution  were 
emploj-ed. 

Of  the  twenty-five  cases  which  were  studied  twenty-one  developed 
serum  disease  that  was  manifest  by  such  characteristic  sjTiiptoms  as 
enlargment  of  l}Tnph  nodes,  skin  eruptions,  edema,  fever,  arthralgia, 
and  enlargement  of  the  spleen.  The  disease  varied  from  a  mild 
form  (Case  11)  to  a  severe  relapsing  form  extending  over  a  period  of 
3  weeks  (Cases  1  and  2).  In  three  cases  there  were  no  evidences  of 
serum  disease  (Cases  12,  14,  and  23),  and  in  one  patient  (Case  13) 
who  received  three  intraspinal  injections  of  tetanus  antitoxin,  there 
were  no  other  signs  than  shght  enlargement  of  the  l^anph  nodes. 

Precipitins. 

Of  the  fourteen  cases  in  which  the  serum  was  tested  for  precipitins, 
twelve  developed  serum  disease.  In  all  but  one  of  these,  precipitins 
could  be  demonstrated  on  one  and  usually  several  occasions.  Once 
ha^'ing  made  their  appearance  in  the  serum  they  persisted,  as  a  rule, 
for  days  and  often  weeks.  In  one  patient  who  received  520  cc.  of 
horse  serum  intravenously  in  di\ided  doses  precipitins  could  be 
demonstrated  on  the  34th  day  after  their  first  appearance  in  such  con- 
centration that  0.5  cc.  of  the  patient's  serum  formed  a  precipitate 
with  0.5  cc.  of  a  1:100,000  dilution  of  horse  serum.  The  serum 
from  another  patient  who  received  630  cc.  of  horse  serum  in  di^^ded 
doses  contained  precipitins  for  58  days.  In  most  instances  the  pa- 
tient was  discharged  from  the  hospital  before  the  precipitin  reaction 
had  disappeared.  In  two  cases  precipitins  were  demonstrated  on 
one  occasion  only. 

In  the  two  patients  who  escaped  serum  disease,  precipitins  could 
not  be  demonstrated  in  the  blood  at  any  time.  One  patient  received 
300  cc.  of  horse  serum  in  di\dded  doses,  the  other  240  cc. 

Anaphylactin. 

Of  the  fifteen  patients  whose  blood  was  tested  for  anaphylactin, 
twelve  developed  serum  disease.  With  the  serum  of  all  but  one  of 
the   latter   patients   it  was  possible  on  one   or  more  occasions   to 
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transmit  anaphylaxis  passively  to  guinea  pigs.  As  a  rule,  the  pres- 
ence of  anaphylactin  in  the  circulation  was  of  short  duration  and 
positive  reactions  could  be  obtained  only  once  or  twice.  A  typical 
example  is  shown  in  the  protocol  in  Table  I. 

In  one  instance,  however,  positive  reactions  were  obtained  on  five 


TABLE   I. 
Passive  Transfer  of  Anaphylaxis  for  Horse  Serum  from  Patient  to  Guinea    Pigs. 

W.  B.;  lobar  pneumonia.     Feb.  6,  1916.     80  cc.  of  antipneumococcus  horse 
serum  intravenously. 

Feb.  7.    80  cc.  of  antipneumococcus  horse  serum  intravenously. 
Feb.  17.     Onset  of  serum  disease  continuing  until  Feb.  26. 
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TABLE   II. 
Passive  Transfer  of  Anaphylaxis  for  Horse  Serum  from  Patient  to  Guinea  Pigs. 

W.  N.;  age  12  years;  meningitis.     Dec.  11,1915.     Intraspinal  injection  of  20 
cc.  of  antimeningococcus  serum. 

Dec.  12.     Intraspinal  injection  of  20  cc.  of  antimeningococcus  serum. 
Dec.  14.     Onset  of  serum  disease  continuing  until  Dec.  22. 


o 

^ 

Date  of 
patient's 
bleeding. 

Day 

after 
injec- 
tion of 
serum. 

Day 

after 
onset  of 

disease. 

Amount 
of  pa- 
tient's 

Amount 

of 

horse 

Time 
after 
sensiti- 
zation. 

Result. 

jm. 

J  PIS 

cc. 

cc. 

hrs. 

20 

218 

Dec.  16 

5 

2 

0.1 

0.5 

26 

No  symptoms. 

21 

234 

"      16 

5 

2 

0.1 

0.5 

26 

"           " 

22 

235 

"      16 

5 

2 

0.25 

0.5 

26 

"           " 

23 

219 

"     16 

5 

2 

0.25 

0.5 

26 

"           " 

24 

267 

Dec.  18 

7 

4 

0.15 

0.5 

39 

No  symptoms. 

25 

302 

"     18 

' 

4 

0.20 

0.5 

39 

"            " 

26 

242 

Dec.  21 

10 

7 

0.1 

0.5 

22 

+  +  +  Recovery. 

27 

197 

"     21 

10 

7 

0.1 

0.5 

22 

++  + 

28 

182 

"     21 

10 

7 

10 

0.5 

22 

+  +  + 

29 

216 

"     21 

10 

' 

10 

0.5 

22 

+  +  + 

J916 

30 

205 

Jan.     3 

23 

20 

0.1 

0.5 

22 

+  (?)  Recovery. 

31 

245 

3 

23 

20 

0  5 

0.5 

22 

-1-  +  4-+  Dead  in  4  min. 

32 

170 

"       3 

23 

20 

10 

0.5 

22 

++++    "       " 2    " 

33 

250 

"       3 

23 

20 

3.0 

0  5 

22 

No  symptoms. 

34 

250 

Positive 
1915. 
serum 

contro: 
0.3    c 
ntravei 

Nov 
c.    of 
lously. 

18, 
horse 

0  5 

_^-l_4--|-  Dead  in  2  min. 

35 

257 

Jan.    18 

38 

35 

0  1 

0.5 

20 

No  symptoms. 

36 

286 

"      18 

38 

35 

0.5 

0  5 

20 

"            " 

37 

227 

"      18 

38 

35 

1.0 

0.5 

20 

+  (?)      Recovery.. 

38 

297 

"     18 

38 

35 

1.0 

0.5 

20 

+  (?) 

39 

305 

"     18 

38 

35 

2.5 

0.5 

20 

+  +  + 

40 

236 

"     18 

38 

35 

3  0 

0.5 

20 

-1--I--I-+  Dead  in  8  min. 

41 

335 

Positive 
1915. 

serum 

control 
0.5    cc 
ntraver 

Dec 
.    of   h 
ously. 

■    7, 
orse 

0  5 

++++     "       " 2     " 

42 

247 

Feb.     2 

53 

50 

0.1 

0.5 

20 

No  symptoms. 

43 

234 

"       2 

53 

50 

0.1 

0.5 

20 

"            " 

44 

265 

"       2 

53 

50 

1.0 

0.5 

20 

+  +      Recovery. 

45 

218 

"       2 

53 

50 

3.0 

0.5 

20 

+  +  + 
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TABLE  II — Concluded. 


1^ 

^ 

Date  of 
patient's 
bleeding. 

Day 
after 
injec- 
tion of 
serum. 

Day 

after 

onset  of 

serum 

disease. 

Amount 
of  pa- 
tient's 

.\mount 

of 

horse 

serum. 

Time 
after 
sensiti- 
zation. 

Result. 

em. 

1916 

cc. 

cc. 

hrs. 

46 

199 

Feb.   21 

72 

69 

0.1 

0.5 

28 

Xo  symptoms. 

47 

252 

"      21 

72 

69 

0.5 

0.5 

28 

+          Recovery. 

48 

202 

"     21 

72 

69 

1.0 

0.5 

28 

+  + 

49 

188 

"     21 

72 

69 

3  0 

0.5 

28 

+  +  + 

50 

302 

Mar.    9 

89 

86 

0.5 

0.5 

22 

No  symptoms. 

51 

270 

"       9 

89 

86 

1.0 

0.5 

22 

"            " 

52 

315 

"       9 

89 

86 

3.0 

0.5 

22 

"           " 

53 

Positi 
of 

ve   control 
horse  seru 

Jan 
m  intra 

2.     0.5  cc. 
venously. 

0.5 

-f -|-  +  +  Dead  in  4  min. 

occasions  from  the  10th  to  the  72nd  day  after  the  administration 
of  40  cc.  of  horse  serum  intraspinally.  Table  II  gives  the  protocols 
of  these  experiments. 

In  three  cases  the  injections  of  serum  were  not  followed  by  serum 
disease.  Anaphylactin  could  never  be  demonstrated  in  the  serum 
drawn  repeatedly  from  these  patients. 

Skin  Reactions. 

In  fifteen  cases  repeated  skin  reactions  were  made  and  in  all  of 
these  a  positive  response  was  sooner  or  later  observed.  The  skin  re- 
actions, unlike  the  temporary  presence  of  precipitins  and  the  fleeting 
reaction  for  anaphylactin,  having  once  appeared,  persisted  and  in- 
creased in  intensity  as  long  as  the  patients  could  be  observed.  The 
reaction  was  also  observed  in  three  patients  who  did  not  develop 
serum  disease  and  whose  blood  serum  showed  no  precipitin  or  ana- 
phylactic antibody  for  horse  serum.  In  these  three  cases  the  sen- 
sitiveness of  the  skin  was  much  delayed  in  its  onset.  In  the  twelve 
cases  that  suffered  from  serum  disease,  the  hypersensitiveness  of  the 
skin  became  evident  on  the  7th  to  the  15th  day  after  the  first  injec- 
tion of  serum,  whereas  in  these  three  patients  who  did  not  develop 
serum  disease  the  first  evidence  of  skin  hypersensitiveness  was  ob- 
served in  one  on  the  17th  day,  in  one  on  the  33rd  day,  and  in  one 
on  the  50th  day,  after  the  first  injection  of  serum. 
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From  these  results  it  is  evident  that  in  the  cases  which  we  have 
studied  precipitins  and  anaphylactic  antibodies  were  much  more 
likely  to  be  found  in  the  blood  serum  of  patients  who  suffered  from 
serum  disease  following  the  injections  of  horse  serum  than  in  patients 
who  escaped  serum  disease.  In  the  latter  instances  precipitins  and 
anaphylactic  antibodies  were  not  observed.  The  skin  reaction,  how- 
ever, made  its  appearance  irrespective  of  the  amount  of  serum  adminis- 
tered or  the  method  of  administration  and  appeared  whether  or  not 
serum  disease  developed. 

The  Relation  of  Antibody  Formation  to  Serum  Disease. 

Further  study  was  made  in  an  attempt  to  determine  whether  there 
existed  any  direct  relation  between  the  formation  of  circulating 
antibodies  and  serum  disease,  and,  if  so,  what  this  relation  might  be. 

From  the  time  that  Hamburger  and  Moro  demonstrated  the 
presence  of  precipitin  for  horse  serum  in  the  blood  of  patients  with 
serum  disease,  the  question  has  constantly  been  raised  as  to  whether 
these  circulating  antibodies  play  a  part  in  the  production  of  this 
illness.  Von  Pirquet  and  Schick  were  of  the  opinion  that  the  illness 
depended  upon  the  union  of  antibody  and  antigen  either  in  the  cir- 
culation or  body  cells  and  that  the  onset  depended  upon  the  proper 
balancing  of  these  substances  so  that  they  might  unite  effectively  to 
form  a  poison. 

The  problem  may  be  viewed  from  three  standpoints:  (1)  The  for- 
mation of  circulating  antibodies  may  be  totally  independent  of  the 
'serum  disease.  (2)  The  union  of  circulating  antibodies  and  circulat- 
ing antigen  may  produce  a  poison  which  gives  rise  to  serum  disease. 
(3)  Antibodies  may  appear  in  the  circulation  as  the  result  of  a  xaolent 
tissue  reaction  which  manifests  itself  as  serum  disease,  under  which  cir- 
cumstances the  antibodies  might  be  protective  rather  than  injurious. 

The  first  proposition  seems  highly  improbable,  for  otherwise  one 
would  expect  antibodies  to  appear  in  the  serum  irrespective  of  serum 
disease,  which  was  not  true  in  this  series  of  observations. 

If  the  union  of  circulating  antibody  and  circulating  antigen  were 
the  sole  cause  of  serum  disease,  one  should  be  able  to  obtain  evi- 
dence of  the  presence  of  these  substances  in  the  circulation  immedi- 
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ately  before  or  at  the  onset  of  serum  disease.  Such  a  demonstration 
has  not  been  possible  in  these  experiments.  In  only  one  instance 
(Table  I)  was  a  questionably  positive  result  for  anaphylactin  obtained 


Case 
No. 

Serum 

Doses               °^y  ^^^^'^  '"  ^°^^    ° 
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*  questionable  reactions 
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by  height  of  Figure 
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Text-Fig.  1.  The  relation  between  the  appearance  of  anaphylactin  and  pre- 
cipitin in  the  circulation  and  of  skin  hypersensitiveness  to  serum  disease  in  fifteen 
patients. 
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on  the  day  previous  to  the  onset  of  serum  disease,  and  in  no  instance 
were  precipitins  present  in  the  circulation  before  or  at  the  time  of 
onset  of  serum  disease.  Text-fig.  1  indicates  the  relation  between 
the  course  of  serum  disease  and  the  appearance  of  anaphylactin  in 
the  circulation. 

It  will  be  seen  that  blood  serum  drawn  from  the  patients  during 
the  early  stages  of  serum  disease  did  not  transmit  anaphylaxis  pas- 
sively to  guinea  pigs.  As  a  rule,  anaphylactin  was  not  demon- 
strable until  the  disease  was  well  advanced  or  ifideed  about  to  ter- 
minate. This  is  particularly  noticeable  in  Cases  1,  2,  and  10,  in 
whom  relapses  or  recrudescences  occurred.  The  blood  from  Case  1 
did  not  give  strongly  positive  results  until  the  close  of  the  relapse, 
which  was  18  days  after  the  onset  of  the  disease.  In  Case  2  ana- 
phylactin appeared  5  days  before  the  close  of  the  relapse  and  in  Case 
10  towards  the  subsidence  of  the  recrudescence. 

Table  III  is  a  composite  table  which  shows  even  more  strikingly 


TABLE    III. 

The  Relation  helwccii  the  Onset  and  Subsidence  of  Serum  Disease  and  the  Appear' 

ance  of  Anaphylactin  in  the  Blood  and  of  Hyperscnsitiveness  of  the  Skin 

to  Horse  Serum,  in  Twelve  Cases. 


Days  after  1st 
njection  of  hor: 


1  2  3  4  5  6  7  8  9  10  11  12  13  14  1 


16  17  18  19  20  21  22  23  24  2S  26  27  38  SO 


Onset  of  serum 
disease 


;\naphylactLn 
first   demon- 
strated       in 
blood  serum . . 

Recovery  from 
serum  disease. 

First     positive 
skin  reaction.. 


The  numerals  indicate  th'e  number  of  cases. 

*  One  experiment  doubtful  but  positive  on  24th  day. 

t  Doubtful  reaction. 

;.  Xo  serum  disease. 
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the  average  time  relation  between  the  appearance  of  anaphylactin 
and  the  course  of  serum  disease.  In  Table  III  the  average  onset  of 
serum  disease  came  4  to  8  days  after  the  injection  of  serum,  whereas 
anaphylactin  makes  its  appearance  10  to  15  days  after  the  injection 
of  serum,  and  is  more  closely  associated  with  the  subsidence  of  serum 
sickness  than  with  its  onset. 
Much  the  same  relation  was  found  to  exist  between  the  time  of 


Dale 
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Text-Fig.  2.  The  time  relation  of  precipitin  formation  to  serimi  disease. 
VV.  V.  Type  I  pneumonia.      180  cc.  of  scrum  in  two  doses,  January  29,  1917. 

appearance  of  precipitin  in  the  blood  and  the  course  of  serum  sick- 
ness in  eleven  cases  that  were  studied.  Precipitins  were  not  demon- 
strable in  the  patient's  blood  serum  until  3  or  4  days  after  the  onset 
of  serum  sickness.  After  this  time  they  rose  rapidly  in  concentra- 
tion to  reach  their  maximum  at  the  time  of  recovery.  After  recovery 
they  diminished  either  rapidly  or  gradually  in  concentration.  Text- 
fig.  2  is  constructed  from  a  typical  protocol. 
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Precipitins  were  present  in  low  concentration  in  the  blood  serum 
of  three  patients,  in  whom  the  serum  sickness  ran  a  protracted 
course,  from  the  end  of  the  1st  week  to  a  period  near  the  close  of  the 
disease  when  they  rose  rapidly  in  concentration.  Wells  and  Weil 
have  both  made  similar  observations.  On  several  occasions  fever, 
which  is  often  a  late  symptom  of  serum  disease,  was  associated  with 
the  presence  of  precipitins  in  the  circulation. 

The  composite  Table  IV,  from  the  protocols  of  eleven  cases,  shows 
definitely  the  tendency  for  the  appearance  of  precipitins  in  the  cir- 
culation to  precede  immediately  recovery  from  serum  sickness. 

The  relation  of  the  appearance  of  the  skin  reaction  to  the  course  of 
serum  disease  in  the  cases  that  we  have  studied  is  made  evident  in 
Text-fig.  1.  This  reaction  manifested  itself  only  when  serum  disease 
was  weU  advanced  or  had  subsided,  but  since  the  skin  became  hyper- 
sensitive in  all  individuals  who  had  received  injections  of  horse 
serum  and  persisted  over  long  periods  of  time,  it  seems  probable 
that  this  reaction  has  a  different  significance  from  that  of  precipitin 
and  anaphylactin  formation,  for  the  expulsion  of  these  antibodies  into 
the  circulation  is  transient  in  character  and  definitely  associated  with 
recovery  from  serum  disease,  whereas  the  altered  reaction  of  the  skin 
is  persistent  an(5  probably  represents  a  changed  characteristic  of 
cells  rather  than  a  product  of  altered  tissue  reactions. 

Our  observations  indicate  a  close  relation  between  the  appearance 
of  antibodies  for  horse  serum  in  the  circulation  and  the  termination 
of  serum  sickness.  In  no  instance  did  antibodies  appear  either 
before  or  during  the  early  stages  of  the  disease,  and  in  a  few  pa- 
tients whose  serum  sickness  was  of  unusually  long  duration  there 
was  a  definite  delay  in  the  appearance  of  antibodies  in  the  circula- 
tion. Further  studies  that  have  been  made  suggest  that  the  ap- 
pearance of  antibodies  in  the  circulation  in  great  concentration  is 
not  only  related  to  the  termination  of  serum  sickness  but  actually 
assists  in  bringing  this  about. 

Early  in  the  observations  it  became  evident  that  circulating  anti- 
body to  horse  serum  did  not  make  its  appearance  unless  it  was  pre- 
ceded by  a  severe  reaction  in  the  tissue  cells;  namely,  serum  sickness. 
It  seems  highly  improbable,  therefore,  th'&t  serum  sickness  depends 
upon  a  union  of  antigen  and  antibody  in  the  circulation,  but  rather 
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that  such  a  union,  if  it  takes  place,  must  do  so,  as  Weil  and  others 
have  frequently  emphasized,  within  the  cells  of  the  body. 

It  is,  however,  ob\'ious  that  antigen  must  be  present  either  in  the 
circulation  or  within  the  cells  in  order  to  bring  about  the  reaction 
which  we  recognize  as  serum  disease.  Repeated  observations  have 
been  made  by  us  and  by  others  to  show  that  precipitinogen,  or  horse 


Date 


Nov.  Dec 

17     19    21     23    25   27    29    I      3     5     7     9 


II     13     15     n    19       2526 


Day  aFter  serum    I     3     5     7     9     II     0     15    17    19    21    23    25   27    29  31    33   38 


Ordinate  Figures  indicate  dilafions  of  patients  serum  m  tests 
For  antigens,  and  dilotions  of  horse  serum  inttesTs  for  antibody 

X antigen;  L.e.,horse   serum 

H precipitins  for  horse  sercim    - 


Text-Fig.  3.  Balance  between  antigen  and  precipitin  in  the  circulation,  and 
their  relation  to  the  course  of  serum  disease.  M.  B.,  female;  age  32  years. 
T\-pe  I  pneumonia.    Total  270  cc.  of  horse  serum. 


serum,  remains  in  the  circulation  during  at  least  a  part  of  serum 
disease,  so  that  both  precipitin  and  precipitinogen  are  present  in  the 
circulation  during  serum  sickness  and  for  a  few  days  thereafter. 
Most  observers  state  that  the  antigen  disappears  more  rapidly  than 
precipitin,  which  remains  in  the  circulation  for  days  or  weeks  after 
recovery  from  serum  disease.     We  have  made  an  attempt  to  dett^ 
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mine,  by  the  methods  of  precipitation  and  the  production  of  active 
anaphj-Iaxis  in  guinea  pigs,  the  exact  time  of  disappearance  of  anti- 
gen from  the  circulation  and  the  relation  of  its  disappearance  to  the 
concentration  of  antibodies  and  to  the  duration  of  serum  sickness. 
These  observations,  together  with  some  others  upon  the  absorption 
of  antigen,  will  be  reported  later.  Repeated  observations  have 
shown,  as  a  rule,  that  there  is  a  rapid  disappearance  of  antigen  upon 
the  appearance  of  antibodies  in  the  circulation  in  great  concentra- 
tion, and  that  the  disappearance  of  antigen  or  the  rapid  diminution 
of  antigen  follows  the  rapid  rise  of  precipitin  and  is  coincident  with 
recovery  from  serum  disease.  Text-lig.  3  is  the  reconstruction  of  a 
t}'pical  series  of  protocols  showing  the  relation  between  precipit- 
inogen, i.e.  horse  serum,  and  precipitin  to  the  course  of  serum 
disease,  and  its  termination. 

DISCUSSION. 

The  e.\periments  and  observations  recorded  show  that  serum  sick- 
ness is  essentially  dependent  upon  a  reaction  which  takes  place  within 
the  cells  of  the  body  and  is  probably  dependent  upon  the  formation 
of  a  toxic  substance  within  these  cells.  Following  this  violent  cellu- 
lar reaction  antibodies  for  horse  serum  are  at  first  slowly  and  later 
rapidly  extruded  into  the  circulation  in  great  concentration.  As 
the  antibodies  rise  in  concentration  the  antigen  rapidly  disappears 
and  coincident  with  this  reversal  in  antibody-antigen  content  of  the 
serum,  serum  sickness  abates  and  the  patient  recovers.  Should  the 
antibody  formation  be  slight  in  amount,  the  antigen  may  persist  in 
large  quantities  in  the  circulation  and  the  disease  may  be  prolonged 
or  may  relapse. 

We  have  shown  that  from  the  time  of  the  primary  injection  of 
serum  up  to  the  onset  of  serum  sickness,  that  is  during  the  incuba- 
tion period  of  this  disease,  the  concentration  of  antigen  in  the  cir- 
culation remains  practically  constant  and  antibodies  to  horse  serum 
cannot  be  demonstrated.  It  seems  highly  probable,  however,  that 
during  this  period  antisubstances  are  being  formed  within  the  cells 
and  that  at  the  time  of  onset  of  serum  sickness,  which  is  often  ex- 
plosive in  character,  there  is  a  sudden  union  between  the  antibodies 
within  the  cells  and  circulating  antigen  which  bathes  the  cells.     The 
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course  of  serum  disease  depends  at  this  time  upon  tlie  production 
of  antibody  and  the  amount  of  available  antigen.  If  antibody  is 
formed  in  large  amount  and  the  quantity  of  antigen  originally  intro- 
duced is  small,  it  is  probable  that  the  circulating  antigen  will  rapidly 
be  dispensed  with  and  serum  disease  will  be  of  short  duration  and 
mild  in  character.  If,  however,  the  amount  of  antigen  originally 
injected  is  large  and  the  formation  of  antibodies  is  slow  and  inefficient, 
it  is  highly  probable  that  the  available  antigen  will  persist  over  long 
periods  and  that  the  serum  disease  will  be  severe  in  character  and 
prolonged  or  relapsing  in  type.  The  production  of  circulating  anti- 
bodies, therefore,  seems  a  purely  protective  mechanism  which  is  the 
method  the  body  uses  to  destroy  antigen,  in  this  case  horse  serum. 
Since  in  serum  disease  the  antigen  is  incapable  of  reproducing,  the 
process  can  be  accomplished,  as  a  rule,  rapidly  and  effectively,  and 
recovery  is  prompt  and  complete. 

Although  we  must  always  be  cautious  in  drawing  conclusions  from 
analogies  in  biological  experimentation,  it  is  nevertheless  admissible 
to  suggest  that  these  results  may  throw  light  on  some  of  the  methods 
by  which  the  body  rids  itself  of  the  injurious  protein  substances 
which  represent  antigen  in  an  acute  infectious  disease. 

CONCLUSIONS. 

1.  The  injection  of  horse  serum  either  in  small  or  in  large  amounts 
in  human  beings  is  always  followed  sooner  or  later  by  the  development 
of  hypersensitiveness  of  the  skin  to  subsequent  injections  of  horse  serum . 
For  the  development  of  this  reaction  serum  disease  is  not  essential. 

2.  The  blood  serum  of  most  patients  who  suffer  from  an  attack  of 
serum  disease  following  injections  of  horse  serum  shows  anaphylactin 
and  precipitin  for  horse  serum. 

3.  Anaphylactin  and  precipitin  cannot  be  demonstrated  in  the 
blood  serum  of  patients  treated  with  horse  serum  who  do  not  later 
present  symptoms  of  serum  sickness. 

4.  The  appearance  of  anaphylactin  and  precipitin  precedes  shortly 
recovery  from  the  disease. 

5.  With  the  appearance  in  the  serum  of  antibodies  to  horse  serum 
in  great  concentration,  the  antigen  rapidly  diminishes  or  disappears. 
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6.  It  is  probable  that  the  extrusion  of  these  antibodies  into  the 
circulation  is  the  result  and  not  the  cause  of  serum  sickness.  Their 
presence  serves  to  neutralize  or  destroy  the  antigen  and  thus  deter- 
mines the  recovery  from  serum  sickness. 
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During  the  past  few  years  a  large  amount  of  experimental  work 
has  been  done  in  order  to  solve  the  problem  of  the  cause  of  death  in 
intestinal  obstruction.  This  work  has  added  to  the  knowledge 
of  the  physiology  of  the  intestinal  tract,  but  the  cause  of  death  from 
intestinal  obstruction  still  remains  unknown.  It  is  generally  con- 
ceded that  a  systemic  bacterial  invasion  by  the  organisms  of  the 
obstructed  intestine  does  not  occur,  and  most  of  the  clinical  and  ex- 
perimental evidence  so  far  obtained  points  to  a  quickly  developing 
and  rapidl)'  fatal  toxemia.  The  nature  of  the  toxin  is  disputed,  and 
investigations  on  this  point  thus  far  reported  are  not  conclusive. 
The  most  extensive  studies  in  this  field  have  been  made  by  Whipple, 
Stone,  and  Bernheim  (1,  2,  3,  4),  who  ascribe  the  sjanptoms  to  a  to.xic 
primary  proteose  formed  by  the  perverted  activity  of  the  intestinal 
mucosa.  Leaving  aside  the  question  of  how  it  is  formed,  we  wished 
to  determine,  if  possible,  whether  the  toxic  factor  is  really  a  primary 
proteose.  A  method  of  attack  was  suggested  by  the  work  done  by 
Whipple,  Stone,  and  Bernheim  (3)  in  attempting  to  produce  an  im- 
munity to  the  obstruction  toxin.  If  an  immunity  to  the  toxin  can 
be  demonstrated  it  will  show  that  the  toxic  factor  in  all  probability 
belongs  to  that  group  of  substances  which  have  antigenic  properties, 
namely  the  proteins,  and  their  primary  product  of  hydrolysis,  the 
proteoses.  The  claim  that  a  relation  exists  between  antibody  for- 
mation and  non-proteins  is  apparently  erroneous. 

The  conclusions  of  Whipple,  Stone,  and  Bernheim,^  as  a  result  of 
their  studies  on  immunity  in  intestinal  obstruction,  are  not,  in  our 
opinion,  warranted  by  the  observations  they  have  reported.     Un- 

^  Whipple,  Stone,  and  Bernheim  (3),  p.  164. 
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less  extremely  marked,  immunity  to  a  disease  or  toxin  is  always  diflSi- 
cult  to  determine.  In  regard  to  the  presence  or  absence  of  immunity 
in  intestinal  obstruction,  we  had  noticed  that  dogs  showed  an  ex- 
treme variability  in  their  resistance  to  intestinal  obstruction  produced 
in  various  ways,  and  we  believe  that  this  normal  variation  recognized 
by  Whipple  and  others  accounts  for  most  of  their  results. 

The  methods  of  WTiipple,  Stone,  and  Bernheim  in  localizing  the  immunity  of  a 
so  called  immunized  dog  should  be  noted.  They  obtained  serum  from  a  dog 
immunized  by  sublethal  doses,  added  a  lethal  amount  of  duodenal  fluid  obtained 
from  a  closed  duodenal  loop,  chloroform,  and  toluene,  and  incubated  the  mix- 
lure  for  20  hours  at  38°C.  It  was  then  tested,  filtered,  and  injected  in  dogs. 
The  injection  caused  death,  and  hence  they  concluded  that  there  was  no  antifer- 
ment  in  the  serum.     Their  further  study  was  as  foUows: 

"  Many  of  the  immune  organs  were  washed  free  from  blood  and  ground  to  a  paste 
which  was  combined  with  a  lethal  dose  of  the  duodenal  loop  fluid,  diluted  with  water 
to  a  thin  paste,  and  allowed  to  autolyze  at  38°C.  for  2  to  5  days  with  chloroform  and 
toluol.  The  filtrate  was  then  tested  on  normal  dogs  by  intravenous  injection.  The 
spleen  and  lung  emulsion  destroyed  the  poison.  The  liver  juice  (Buchner  press),  di- 
luted and  filtered,  also  destroyed  it  rapidly.  The  intestinal  mucosa  destroyed  some 
of  the  poison  but  a  part  remained  even  after  5  days'  digestion.  .\  fresh  mixture  of 
liver  juice  and  loop  poison  gave  fatal  into.xication,  showing  that  the  reaction  is  not 
prompt  or  does  not  take  place  in  the  blood  stream.  This  result  serves  as  a  control.  If 
the  protective  action  resides  in  a  single  type  of  cell,  it  is  the  endothelial  cell  that  may 
be  concerned,  but  it  is  of  course  possible  that  various  bodj'  cells  may  develop  the  reac- 
tion or  produce  the  ferment." 

Can  we  conclude  that  an  immunity  reaction  is  the  cause  of  the  loss 
of  toxicity  by  a  fluid  of  complicated  composition  allowed  to  auto- 
lyze 5  days  under  toluene  and  chloroform  with  organ  extracts? 
It  may  be  true  that  the  liver  and  spleen  would  contain  more  anti- 
body or  a  higher  concentration,  were  there  any  formed,  than  the 
blood  serum,  but  there  would  certainly  be  some  liberated  into  the 
blood,  and  it  is  not  probable  that  the  intestinal  mucosa  and  lung 
would  contain  large  amounts  of  a  neutralizing  substance  and  the 
blood  none.  The  fact  that  "fresh  mixture  of  liver  juice  and  loop 
poison  gave  fatal  intoxication,  showing  that  the  reaction  is  not 
prompt  or  does  not  take  place  in  the  blood  stream"  would  indicate 
that  the  reaction  is  not  that  between  an  antigen  and  an  antibody. 
The  statements  that  they  discovered  no  neutralizing  principle  in  the 
serum  of  immunized  dogs  and  that  they  observed  nothing  of  an  ana- 
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phylactic  reaction  in  guinea  pigs  detract  from  the  evidence  that  the 
fluid  has  antigenic  properties. 

Davis  and  Morgan  (5)  were  not  able  to  confirm  the  results  of  Whipple  and 
others,  using  autolysates  of  normal  cat  organs  and  cat  serum  with  the  fluid 
from  dog  closed  loops,  since  they  found  that  cats  were  apparently  more  highly 
resistant  or  immune  to  the  intoxication  of  intestinal  obstruction  than  dogs. 

Nesbitt  (6)  endeavored  to  show  that  neurine  may  be  split  off  from  the  choline 
in  lecithin  and  is  present  in  the  intestinal  canal  during  obstruction.  He  also 
noticed  a  ptomaine  (unidentified)  as  a  constituent  of  the  material  above  an 
obstruction.  Barger  and  Dale  (7)  demonstrated  the  presence  of  the  depressor 
substance  /3-iminazolylethylamine  in  the  intestinal  mucosa.  Mellanby  and  Twort 
(8)  corroborated  this  and  isolated  a  bacillus  which  they  claimed  could  convert 
histidine  into  this  substance.     iVIurphy  and  Brooks  (9)  observed: 

"5.  The  to.xicity  of  the  loop  content  is  not  destroyed  by  heating  to  60°C.  until 
sterile,  or  even  by  boiling. 

6.  The  to.xicity  of  the  fluid  is  very  much  decreased  by  filtration  through  a  Berkefeld 
-filter,  so  that  to  produce  death  a  dose  of  filtrate  corresponding  to  several  times  the 

lethal  dose  of  unfiltered  fluid  is  necessary. 

7.  The  amount  of  filterable  to.xin  is  increased  by  prolonged  autolysis." 

Draper  (10)  was  unable  to  find  a  proteose  in  the  1,000  cc.  of  loop  fluid  which 
he  analyzed.  These  results  all  indicate  that  the  to.xic  factor  is  not  of  a  protein 
nature. 

Methods. 

As  the  symptoms  caused  by  a  closed  intestinal  loop,  whether  pro- 
duced by  ligature  and  a  reconstruction  of  tlie  gastrointestinal  tract 
by  gastroenterostomy,  or  by  resection  of  the  loop  and  an  end  to  end 
anastomosis  of  the  intestine,  parallel  closely  the  symptoms  of  acute 
intestinal  obstruction,  we  have  used  the  following  control  proce- 
dures: (1)  the  production  of  open  intestinal  loops,  (2)  the  antemortem 
removal  of  closed  intestinal  loops,  (3)  the  production  of  a  blind  duo- 
denal stump,  (4)  ligature  of  the  duodenum  with  no  anastomosis, 
(5)  injection  of  the  material  from  closed  intestinal  loops. 

Dogs  were  used  in  all  the  experiments.  All  operations  were  done 
under  complete  surgical  anesthesia  (morphine-ether)  with  the  usual 
aseptic  technique. 

/.  Prodiiciion  of  Open  Intestinal  Loops. — As  shown  by  Dragstedt, 
Moorhead,  and  Burcky  (11),  a  certain  proportion  of  dogs,  in  their 
work  50  per  cent,  can  survive  an  open  unwashed  loop  of  the  duo- 
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denum  which  is  permitted  to  drain  into  the  peritoneal  cavity.  This 
has  been  confirmed  by  the  writers  in  a  large  number  of  dogs,  and 
open  loops  have  been  made  of  the  duodenum,  jejunum,  and  ileum. 
While  the  number  of  dogs  operated  on  in  the  lower  part  of  the  small 
intestine  is  not  large,  the  work  indicates  that  the  lower  the  loop  is, 
the  smaller  is  the  percentage  of  animals  sur\'iving  an  open  unwashed 
intestinal  loop — in  approximate  proportion  to  the  increased  number 
of  bacteria  found.  The  open  loops  upon  later  examination  are  in 
about  half  the  instances  found  open  and  draining,  while  in  the  rest 
they  are  tightly  closed  by  omental  adhesions  and  are  usually  found 
fairly  distended  with  a  thick  yellowish  white  material,  which  is  often 
not  sterile.  Where  the  loops  have  been  found  open  and  draining  a 
marked  edematous  and  hemorrhagic  appearance  of  the  omentum  and 
serous  surfaces  of  the  viscera  is  noticed,  and  three  dogs  died  about  3 
weeks  after  the  operation  from  omental  hemorrhage. 

Whipple  and  his  associates  (4)  produced  an  open  loop  of  a  different  sort. 
The  duodenum  just  below  the  pancreatic  duct  was  cut  across  and  ligated  with 
inversion  of  ends  and  closure.  A  gastroenterostomy  was  done  just  below  the 
duodenojejunal  flexure  so  that  a  loop  of  the  duodenum  was  produced  which 
could  drain  into  the  jejunum.    They  state: 

"The  presence  of  such  a  partially  isolated  duodenal  loop  may  be  associated  with 
intoxication,  more  or  less  severe,  which  will  bring  about  an  immunity  reaction  in  the 
body  cells.  The  intestinal  mucosa  from  such  a  dog  has  the  characteristic  property  of 
immune  tissue;  it  can  destroy  with  some  rapidity  the  duodenal  loop  fluid  in  vilro  and 
render  the  mbsture  harmless  when  given  intravenously  to  a  normal  dog." 

If  there  is  a  specific  toxic  secretion  in  a  loop  of  such  a  nature  that 
it  can  act  as  an  antigen  upon  absorption,  it  is  logical  to  conclude 
that  the  constant  absorption  of  this  substance  would  render  dogs 
surviving  open  intestinal  loops  highly  immune  to  the  toxins  of  in- 
testinal obstruction.  All  our  methods  of  testing  resistance  to  in- 
testinal obstruction  were  tried  out  on  these  dogs,  with  the  result 
given  in  Tables  I,  II,  and  X. 

2.  Antemortem  Removal  of  Closed  Intestinal  Loops. — To  answer 
the  objection  that  an  open  intestinal  loop  is  not  an  obstructed  loop 
and  hence  the  conditions  necessary  for  the  secretion  of  a  hypothetical 
toxic. proteose  do  not  prevail,  resected  and  closed  unwashed  loops  of 
the  beginning  jejunum  were  produced  in  dogs  and  removed  before  the 
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loop  had  perforated,  but  as  long  after  the  production  of  the  loop 
as  the  condition  of  the  animal  would  warrant.  The  majority  of  the 
loops  were  markedly  distended,  already  cyanotic  in  color,  and  con- 
tained approximately  80  to  110  cc.  of  bloody  fluid.  Altliough  the 
period  of  immunization  is  necessarily  short,  it  is  to  be  expected  that 
animals  almost  moribund  from  acute  intestinal  obstruction  would, 
upon  recovery,  show  a  marked  immunity  if  it  can  be  produced. 
Here,  too,  there  is  tissue  destruction,  with  resultant  absorption  of 
protein  split  products,  and  the  chance  of  an  increased  absorption 
of  the  hj'pothetical  toxic  proteose.  Hartwell,  Hoguet,  and  Beekman 
(12)  say  that  the  toxemia  is  in  proportion  to  the  tissue  necrosis,  and 
without  the  latter  there  are  no  toxic  symptoms.  About  half  the  dogs 
whose  loops  were  removed  before  perforation  died,  indicating  that 
there  had  been  a  marked  absorption  of  toxic  material  by  the  time  of 
the  operation.  Removal  of  the  loop  is  a  short  and  simple  procedure. 
It  was  tried  as  an  immunizing  method  in  three  series  of  dogs  (Tables 
VI,  IX,  and  X). 

3.  Production  of  a  Blind  Duodenal  Slump. — Early  in  the  work  the 
authors  noted  that  dogs  in  which  a  drained  loop  of  the  duodenum 
was  made  and  the  reconstruction  of  the  canal  effected  by  gastro- 
enterostomy were  not  in  as  good  condition  as  dogs  in  which  end  to 
end  anastomosis  was  made.  This  was  noted  by  Sweet,  Peet,  and 
Hendrix  (13),  and  Whipple,  Cooke,  and  Stearns  (14)  later  operated 
to  produce  a  blind  duodenal  stump  as  a  method  of  causing  a  chronic 
type  of  obstruction  in  dogs.  Most  of  the  dogs  in  their  series  died  in 
from  1  to  3  weeks  with  sjanptoms  similar  to  those  of  obstruction. 
According  to  Whipple,  these  dogs  have  a  definite  tolerance  to  proteose 
injections.  In  conjunction  with  some  other  work  the  authors  made 
a  number  of  blind  duodenal  stumps,  making  the  gastroenterostomy 
at  the  greater  curvature  and  as  near  the  pylorus  as  practicable,  vary- 
ing the  length  of  the  blind  stump  from  about  8  to  50  cm. 

If  this  type  of  operation  results  in  a  chronic  obstruction  and 
the  toxin  thereof  is  identical  with  the  toxin  of  acute  obstruction, 
this  will  be  a  better  procedure  to  test  out  the  immunity  of  a  dog  than 
the  production  of  a  closed  loop  as  there  is  no  perforation  peritonitis 
to  obscure  results. 

4.  Ligature  of  the  Duodenum  with  No  Anastomosis. — In  view  of  the 
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fact  that  the  average  length  of  life  for  closed  loop  dogs  \\tis  higher  in 
Whipple's  series  than  in  ours,  a  comparison  of  methods  was  neces- 
sary. The  difference  is  easily  explained.  The  closed  loops  as  made 
by  Whipple  were  produced  by  double  ligature  of  the  duodenum, 
just  below  the  lower  pancreatic  duct  and  again  at  the  duodeno- 
jejunal junction,  reconstructing  the  tract  by  gastroenterostomy. 
This,  of  course,  results  in  a  longer  loop  than  is  possible  by  the  method 
of  resection  and  an  intestinal  anastomosis.  The  mechanical  feature 
of  this  will,  of  course,  explain  the  more  rapid  swelling  of  the  smaller 
loop  and  an  earlier  death.  Then  there  is  the  other  factor,  the 
cutting  through  of  the  ligature  at  either  end  of  the  loop  by  Whipple, 
permitting  an  escape  of  fluid  from  the  loop,  decreasing  the  tension 
within  the  loop,  and  thus  preventing  such  a  rapid  swelling  with  con- 
sequent occlusion  of  the  blood  supply  and  necrosis  of  the  intestinal 
wall  as  is  found  in  the  resected  loop.  This  phase  of  the  ligatured 
loop  was  studied  extensively  by  the  authors.  The  method  con- 
sisted in  ligating  the  duodenum  with  a  single  ligature,  the  size  of 
which  varied,  and  making  no  reconstruction  of  the  canal,  thus  leav- 
ing the  animal  with  an  uncomplicated  high  obstruction.  The  liga- 
ture was  buried  with  Lembert  stitches.  It  was  found  that  with  a 
fairly  heavy  linen  ligature  the  cutting  through  of  the  tissues  and  the 
restoration  of  the  lumen  begins  in  about  48  hours  in  the  majority  of 
instances,  there  being  a  lumen  of  about  1  to  2  mm.  upon  the  3rd 
day.  Wide  variations  have  been  found.  One  dog  showed  a  lumen 
of  but  1  mm.  after  11  days,  while  some  showed  two-thirds  normal 
lumen  after  48  hours.  About  50  per  cent  of  the  dogs  in  which  a 
ligature  of  the  duodenum  was  done  recovered  completely.  These 
dogs  were  tested  for  an  immunity  that  they  might  have  acquired  as  a 
result  of  the  condition  of  acute  obstruction  which  they  had  endured 
for  about  48  to  72  hours. 

J.  Injection  of  the  Material  from  Closed  Intestinal  Loops. — The 
last  method  of  immunization  was  that  used  by  Whipple;  namely, 
the  intravenous  injection  of  the  fluid  from  closed  intestinal  loops. 
The  fluid  was  prepared  according  to  the  method  of  Whipple,  with 
the  exception  that  it  was  used  within  2  or  3  days  after  preparation. 

It  is  well  known  that  many  non-toxic  substances,  when  kept  in 
contact  with  such  material  as  toluene  and  chloroform,  may  acquire  a' 
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certain  degree  of  toxicity,  and,  aside  from  this,  putrefaction  is  by  no 
means  prevented  and  any  number  of  toxic  substances  may  be  formed 
which  were  not  in  the  fluid  at  the  time  of  collection.  We  were  sur- 
prised to  note  the  extreme  variation  in  toxicity  of  different  samples 
of  fluid  collected.  10  cc.  in  many  instances  have  been  fatal,  while  as 
much  as  115  cc.  of  the  undiluted  fluid  have  caused  no  marked  symp- 
toms in  other  cases.  Dogs  that  recovered  from  injections  of  this 
fluid  were  tested  in  the  various  ways  outlined  below  for  the  existence 
of  immunity  or  increased  tolerance  to  intestinal  obstruction. 

Methods  of  Studying  Immunity  to  or  Tolerance  to  Intestinal  Obstruction. 

Production  of  Closed  Intestinal  Loops. — -This  is  always  a  question- 
able procedure,  owing  to  the  fact  that  many  dogs  die  from  perfora- 
tive peritonitis,  to  which,  of  course,  immunity  is  impossible.  The 
closed  loops  were  made  in  the  duodenum,  as  a  fair  proportion  of  the 
dogs  die  before  the  loop  has  perforated  and  in  these  dogs  increased 
resistance  can  be  readily  observed.  A  dog  in  which  the  cause  of 
death  is  perforative  peritonitis  can  be  easily  observed  after  the  pro- 
duction of  the  loop  and  the  degree  of  resistance  of  the  dog,  in  the 
earher  stages  before  the  loop  has  perforated,  noted. 

Closed  intestinal  loops  were  made  as  a  test  procedure  {a)  in  dogs 
which  were  strong  and  healthy  after  the  open  loop  operation  (Table 
I),  {b)  in  dogs  which  had  recovered  from  a  ligatured  obstruction 
(Table  III),  (c)  in  dogs  from  which  closed  loops  had  been  removed 
(Table  VI),  and  {d)  in  dogs  which  had  previously  been  injected  with 
closed  loop  fluid  (Table  VII). 

Blind  Duodenal  Slump. — The  question  and  method  of  production 
of  a  blind  duodenal  stump  has  been  discussed  above.  Here  there  is 
no  complication  such  as  perforation  and  hence  the  results  should  be 
clear  and  indicative. 

BHnd  duodenal  stumps  were  produced  in  order  to  test  the  resist- 
ance (a)  of  dogs  which  had  previously  had  open  loops  (Table  II) ,  (b) 
of  dogs  which  had  recovered  from  a  ligatured  obstruction  (Table  IV) , 
(c)  of  dogs  which  had  previously  been  injected  with  closed  loop  fluid 
(Table  V),  and  (d)  of  a  dog  from  which  a  closed  loop  had  been  re- 
moved (Table  IX). 

Injection  of  Closed  Loop  Fluid. — ^If  the  fluid  contains  the  obstruction 
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toxin,  then  dogs  recovered  from  obstruction  should  be  more  resistant 
to  injections  of  it  than  normal  dogs.  On  the  other  hand,  if  the 
fluid  contains  other  toxic  substances  than  that  to  which  the  dog 
may  be  expected  to  have  increased  resistance,  there  will  be  no  im- 
mimit}'  observed,  following  injection  of  the  fluid,  although  the  ani- 
mal may  in  reality  be  immunized  to  the  obstruction  toxin.  If,  how- 
ever, the  other  toxic  substances  present,  as  well  as  the  obstruction 
toxin,  are  of  such  a  nature  that  they  can  act  as  antigens,  it  is  to  be 
expected  that  injection  of  the  fluid  will  markedly  increase  the  resist- 
ance of  the  animal  to  the  fluid.  This  should  be  true  to  an  observ- 
able extent  even  if  none  of  the  toxic  substances  present  besides  the 
obstruction  toxin  have  antigenic  properties. 

Is  it  not  as  logical  to  assume  that  if  a  number  of  toxic  substances 
are  found  in  the  intestinal  loop  fluid  the  cause  of  death  is  due  to  all  of 
them  as  it  is  to  ascribe  it  to  a  particular  perverted  secretion,  because 
the  possible  chemical  nature  of  one  toxin  has  been  defined? 

The  resistance  of  dogs  which  had  recovered  from  a  ligatured  ob- 
struction, of  dogs  from  which  closed  intestinal  loops  had  been  re- 
moved, of  a  dog  which  sur^dved  a  closed  washed  intestinal  loop 
(washing  -svith  sterile  water  and  ether),  of  dogs  with  open  intestinal 
loops,  and  of  dogs  which  had  received  previous  injections  of  loop 
fluid,  to  the  injection  of  closed  loop  fluid,  was  compared  with  the  re- 
sistance of  normal  dogs.  The  results  are  summarized  in  Table  X. 
The  results  of  injection  of  loop  fluid  into  normal  dogs  is  also  included 
in  this  table  to  demonstrate  the  extreme  variation  in  resistance  that 
is  met  with  normally. 

Ligature  of  the  Duodenum. — ^x\Ithough  the  percentage  of  recovery  in 
nomial  dogs  is  comparatively  high  (about  50  per  cent) ,  it  is  to  be  ex- 
pected that  dogs  immunized  by  any  means  to  the  toxin  of  obstruction 
would  have  such  a  resistance  to  the  toxin  that  they  would  .survive 
until  the  obstruction  was  relieved,  by  the  cutting  through  of  the 
ligature,  to  a  much  greater  extent  and  in  a  greater  number  of  cases 
than  normal  dogs.  The  percentage  of  recovery  should  be  markedly 
increased.  Our  data  on  this  point  are  not  extensive  for  percentage 
results,  but  they  are  indicative. 

Ligature  of  the  duodenum  was  done  as  a  test  procedure  only  on  a 
series  of  dogs  which  had  received  injections  of  closed  loop  fluid 
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(Table  \TII).  Four  dogs  of  the  seven  survived  over  5  weeks,  which 
gives  practically  the  same  percentage  of  survival  as  in  the  control 
dogs  given  below. 

Control  Dogs. 

Ligature  of  the  Duodenum. — The  duodenum  just  below  the  lower 
pancreatic  duct  was  ligated  in  thirty-nine  dogs  with  a  linen  ligature 
buried  by  Lembert  stitches.  In  twenty-one  dogs  there  was  com- 
plete recovery.  Seven  of  the  remaining  animals  died  in  from  4  to 
10  days  from  pneumonia  contracted  as  a  result  of  the  toxemia  and 
decreased  resistance  from  the  obstruction.  The  remaining  eleven 
died  in  less  than  96  hours  with  an  uncomplicated  autopsy  picture. 

Blind  Duodenal  Stump. — A  blind  duodenal  stump  was  made  in 
seventeen  dogs  by  cutting  the  duodenum  and  in  some  instances  the 
beginning  of  the  jejunum,  infolding  the  proxinial  end,  and  anasto- 
mosing the  distal  segment  to  the  greater  curvature  of  the  stomach  as 
close  to  the  pylorus  as  practicable.  The  length  of  the  blind  stump 
varied  from  10  to  65  cm.  Two  dogs  are  still  living  (3  months)  and 
show  no  toxic  s^Tuptoms.  One  died  at  the  end  of  2  months  in  ex- 
treme cachexia,  the  rest  surviving  the  operation  from  3  to  25  days. 
We  found  no  direct  correlation  between  the  length  of  the  blind  stump 
and  the  degree  of  toxicity. 

Closed  Duodenal  Loops. — The  dogs  in  this  series  (twenty-six  dogs) 
all  died  in  from  24  to  96  hours,  the  average  length  of  life  being  48 
hours.  Nineteen  of  the  loops  were  found  to  be  perforated  at  autopsy. 
This  gives  a  percentage  of  73  dying  from  perforative  peritonitis.  If 
there  is  an  increased  tolerance  in  immune  dogs,  this  percentage  should 
be  markedly  increased  and  nearly  all  dogs  would  die  as  a  result  of  the 
perforative  peritonitis  before  the  uncomplicated  obstruction  toxemia 
should  prove  fatal.  None  of  the  control  dogs  survived  this  type  of 
loop  in  our  series,  although  Sweet,  Peet,  and  Hendrix  report  several 
instances  in  which  the  animal  has  lived  for  weeks.  In  the  work  of 
Dragstedt,  Moorhead,  and  Burcky  only  two  loops  in  six  were  found 
to  be  perforated.  This  gives  a  percentage  of  33,  but  percentages 
from  such  a  small  series  are  misleading.  Out  of  seven  closed  duodenal 
loops  washed  with  water  and  ether,  they  found  four  perforated  at 
autopsy. 
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TABLE    I. 
Open  Loops  with  Later  Production  of  Closed  Loops. 


Dog 
No. 

Location  of 
open  loop. 

Condition 

of  open  loop 

at  2nd 

operation. 

Inter- 
val. 

Location  of 
closed  loop. 

Degree  of  toxemia 
preceding  death. 

J" 

Perfora- 
tion. 

days 

hrs. 

1 

Duodenum. 

Open. 

36 

Jejunum. 

Toxemia  after  24  hrs. 

48 

_* 

2 

" 

Closed. 

100 

" 

"      15    " 

19 

+ 

3 

" 

Open. 

33 

" 

"         from  start. 

36 

— 

4 

" 

Closed. 

21 

" 

"            "        " 

60 

- 

5 

" 

Open. 

26 

Active  until  last  few 
hours. 

90 

+ 

6 

" 

" 

26 

" 

"        "        " 

46 

+ 

7 

Jejunum. 

" 

62 

Duodenum. 

"        "        " 

42 

+ 

8 

" 

" 

17 

" 

Toxemia  from  start. 

40 

+ 

9 

" 

24 

26 

+ 

—  indicates  no  perforation;  +,  perforation. 


TABLE    II. 
open  Loops  with  Later  Production  of  a  Blind  Duodenal  Stump. 


Dog 

No. 

Location  of 
open  loop. 

Condition 

of  open  loop 

at  2nd 

operation. 

Inter- 
val. 

Dis- 
tance of 

blind 

end 

from 
pylorus. 

Symptoms  and  remarks. 

Length  of  life. 

days 

cm. 

10 

Jejunum. 

16 

38 

No  signs  of  toxemia. 

Living  (3 
mos.). 

11 

" 

Open. 

16 

42 

Good  recovery,  then 
gradual  decline. 

7  days. 

12 

16 

36 

Cause    of   death    un- 
known. 

24  hrs. 

13 

" 

Open. 

8 

45 

Gradual  decline. 

5  days. 

14 

" 

21 

42 

" 

5    " 
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TABLE    III. 

Dogs  Recovered  from  a  Ligatured  Obstruction  with  Later  Production  of  a  Closed 

LoBp. 


Dog 
No. 

Location  of 
ligature. 

Inter- 
val. 

Location  of 
closed  loop. 

Symptoms  and  remarks. 

Length  of  life. 

days 

15 

Lower      pan- 
creatic duct. 

19 

Duodenum. 

To.xemia  and  recov- 
ery. 

Living  (3  mos.). 

16 

"          " 

9 

" 

No  toxic  symptoms. 

"        (3    "    ). 

17 

" 

10 

" 

To.xemia  from  start. 

39  hrs. 

+ 

18 

«                a 

10 

" 

"             "        " 

29    " 

+ 

19 

"          " 

9 

" 

"             "        " 

32    " 

-f 

20 

Lower  end  of 
duodenum. 

13 

" 

"        " 

34    " 

+ 

21 

"          " 

13 

" 

Active  until   4  hrs. 
before  death. 

56    " 

+ 

22 

"          " 

14 

" 

"        "        " 

34    " 

+ 

TABLE   IV. 

Dogs  Recovered  from  a  Ligatured  Obstruction  with  Later  Production  of  a  Blind 

Duodenal  Stump. 


Dog  No. 

Location  of 
ligature. 

Interval. 

Length  of 
blind 
stump. 

Symptoms  and  remarks. 

Length  of 
life. 

23 
24 
25 
26 

Duodenum. 

days 
12 
12 
10 
9 

28 
34 
38 
30 

Cache.xia  and  malnutrition. 

Pneumonia. 

Cachexia  and  malnutrition. 

25  days. 
36  hrs. 
10  days. 
20     " 

TABLE    V. 

Dogs  Injected  with  Closed  Loop  Fluid  with  Later  Production  of  a  Blind  Duodenal 

Stump. 


Dog  No. 

Times 
injected. 

Interval. 

Length  of 
blind 
stump. 

Symptoms  and  remarks. 

Length  of  life 

days 

cm. 

27 

1 

18 

12 

Gradual  cache.xia. 

8  days. 

28 

2 

9 

35 

"            " 

4     " 

29 

1 

17 

25 

Lively. 

Living  (3  mos.). 

30 

1 

17 

36 

Gradual  cache.xia. 

5  days. 
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TABLE   VI. 
Closed  Loops  Removed  and  Second  Closed  Loops  Made. 


^K 

«  . 

■3 

a 

§. 

Location  of 
1st  loop. 

Egg 

.|> 

> 

Location  of 
2nd  loop. 

Symptoms  and  remarks. 

J3 

a 

^■2E 

1" 

3 

3- 

£ 

hrs. 

days 

hrs. 

31 

Jejunum. 

30 

T 

28 

Duodenum. 

Toxemia  from  start. 

34 

+ 

32 

21 

t 

19 

Jejunum. 

Mild   toxemia  from 

start. 

48 

+ 

35 

" 

20 

T 

15 

Duodenum. 

Active  till  2  hrs.  be- 
fore death. 

36 

+ 

34 

" 

34 

1 

13 

" 

Toxemia  from  start. 

30 

+ 

35 

72 

^ 

7 

" 

Mild  to.xemia 
throughout. 

38 

— 

36 

48 

' 

6 

Sudden  onset  of  toxic 
symptoms  2  hrs. 
prior  to  death. 

26 

+ 

37 

" 

34i 

t 

40 

" 

Toxemia  continuous. 

48 

- 

*l  indicates   distention  to  point  of  perforation;     \  indicates   beginning  dis- 
tention, etc. 

TABLE    VII. 
Dogs  Injected  with  Closed  Loop  Fluid  with  Later  Production  of  Closed  Loops, 


Dog  No. 

Times 
injected. 

Interval. 

Location  of 
closed  loop. 

Symptoms  and  remarks. 

Length  of 
life. 

Perfora- 
tion. 

days 

hrs. 

38 

] 

27 

Duodenum. 

Jlild  toxemia. 

36 

+ 

39 

1 

12 

" 

"            " 

50 

+ 

40 

2 

12 

" 

.Active  until  last  fen- 
hours. 

38 

+ 

41 

1 

S 

" 

"         " 

42 

+ 

42 

1 

8 

" 

Toxemia  from  start. 

28 

— 

37 

1 

12 

" 

"        continuous. 

48 

— 

43 

1 

7 

Jejunum. 

"                 " 

24 

- 
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TABLE    VIII. 
Dogs  Injected  with  Closed  Loop  Fluid  with  Later  Ligature  of  the  Duodenum. 


Dog  No. 

Times 
jected. 

Inter- 
val. 

Location  of  ligature. 

Symptoms  and  remarks. 

Length 
of 
life. 

days 

days 

44 

3 

7 

Lower  pancreatic  duct. 

Gradual  to.^emia. 

7 

45 

3 

7 

"                " 

9 

46 

2 

9 

"              "             " 

"                " 

5 

47 

1 

20 

Beginning  toxemia  after  24  hrs. 

36 

48 

2 

3 

Complete  recovery. 

49 

1 

4 

Toxemia  after  24  hrs. 

48 

50 

1 

5 

Complete  recovery. 

TABLE    IX. 
Closed  Loop  Removed  with  Later  Production  of  a  Blind  Duodenal  Stump. 


Dog 

No. 

Location  of 
loop. 

Conditional 
removal. 

Inter- 
val. 

Length 
of  blind 
stump. 

Symptoms  and  remarks. 

Length 
of 
life. 

30 

Jejunum. 

J  distended. 

days 
34 

36 

Toxemia  after  2nd  day. 

days 
5 

TABLE    X. 

Comparative  Resistance  of  Dogs  to  the  Injection  oj  Closed  Loop  Fluid. 


Dog 
No. 

Amount 

Amount 

Fluid. 

Condition  of  animal. 

Weight. 

in- 

per 

Result. 

jected. 

kilo. 

kg. 

cc. 

cc. 

W.  R. 

43 

Normal. 

6 

6 

1 

Toxemia  and  recovery. 

" 

51 

" 

11 

24 

2.2 

"            "         " 

" 

52 

" 

8.3 

24 

2.9 

Dead  in      5  hrs. 

" 

Si 

" 

5.5 

24 

4.3 

"       "      8  " 

" 

16 

Ligature   and    closed 
loop. 

8 

16 

2 

"       "     18  " 

As 

29 

Normal. 

8 

40 

5 

Good  recovery. 

Aj 

54 

" 

8 

80 

10 

Toxemia  and  recovery. 

A2 

55 

" 

8 

105 

13 

Dead  in  10  hrs. 

Aj 

56 

Closed  loop  removed. 

6 

a 

5.5 

Good  recovery. 

As 

30 

"        "          " 

10 

120 

12 

"             " 

A2 

57 

"        "          " 

10.5 

105 

10 

Toxemia  and  recovery. 

404 

46 

Normal. 

9.4 

28 

3 

Good  recovery. 

404 

58 

" 

11 

3,?, 

3 

"             " 

404 

38 

" 

8.9 

27 

3 

Marlced  toxemia  and  re- 
covery. 

404 

27 

" 

9 

54 

6 

Good  recovery. 

404 

59 

Open  loop. 

6.3 

19 

3 

"   .          " 

404 

44 

Two    previous   injec- 
tions. 

10.4 

31 

3 

404 

45 

"         "         " 

12.5 

38 

3 

Toxemia  and  recovery. 

404 

60 

Open  loop. 

10.4 

31 

3 

Marked  toxemia  and  re- 
covery. 

404 

46 

One  previous  injection. 

9.4 

50 

5.3 

"          "          " 

404 

61 

"          "              " 

11 

60 

5,5 

Dead  in  6  hrs. 

439 

49 

Normal. 

7.7 

45 

5.8 

Good  recovery. 

439 

50 

" 

13 

100 

7.7 

Toxemia  and  recovery. 

439 

48 

One  previous  injection. 

7.3 

49 

6.7 

"            "           " 

439 

62 

"           "              " 

6 

60 

10 

Dead  in  12  hrs. 

X02 

47 

Normal. 

13.2 

33 

2.5 

Good  recovery. 

X02 

63 

" 

6.4 

32 

5 

"             " 

X02 

64 

" 

7.3 

50 

6.7 

Dead  in  8  hrs. 

X02 

65 

" 

5.7 

17.1 

3 

"        "    8  " 

X02 

66 

" 

13 

98 

7.5 

"    6  " 

X02 

67 

Open  loop  and  closed 
washed  loop. 

8.6 

27 

3.1 

Toxemia  and  recovery. 

X02 

68 

Open  loop. 

14.2 

100 

7 

Good  recovery. 

X02 

69 

One  preWous  injection. 

7 

50 

7.1 

Dead  in  4  hrs. 

X02 

37 

Closed  loop  removed. 

10.7 

32 

3 

Toxemia  and  recovery. 

~658 

39 

Normal. 

17 

102 

6 

Good  recovery. 

658 

40 

" 

12 

72 

6 

Toxemia  and  recovery 

658 

28 

" 

5 

45 

9 

Good  recovery. 

27 

70 

Normal. 

8 

6 

0.8 

Dead  in  19  hrs. 

27 

44 

" 

10.4 

15 

1.4 

Toxemia  and  recovery. 

27 

45 

" 

12.5 

5 

0.4 

"           "          " 
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DISCUSSION. 

Wth  few  exceptions  immunized  dogs  showed  no  greater  resist- 
ance to  subsequent  obstruction  than  normal  dogs,  and  in  many  in- 
stances they  showed  less.  Two  dogs  that  recovered  from  a  ligation 
of  the  duodenum  sur\"ived  a  closed  unwashed  duodenal  loop,  and 
are  still  ]i\'ing  after  3  months.  Upon  later  examination  these  loops 
were  found  to  be  only  moderately  distended  and  of  good  color.  So 
far  we  have  had  no  normal  dogs  survive  a  closed  duodenal  loop  to 
this  extent,  but  we  are  inclined  to  beUeve  that  the  previous  ob- 
struction has  altered  the  secretion-absorption  ratio  so  that  upon 
production  of  a  closed  loop  there  was  no  distention  with  consequent 
tissue  necrosis,  inasmuch  as  Sweet,  Peet,  and  Hendrix  report  several 
instances  of  a  normal  dog  surviving  elosed  loops,  and  Dragstedt, 
Moorhead,  and  Burcky  have  shown  that  dogs  can  survive  closed 
loops  washed  with  ether.  We  do  not  consider  that  any  immunity 
is  shown  by  these  cases.  One  dog  immunized  by  injection  survived 
a  blind  duodenal  stump  indefinitely.  Controls  have  done  this,  how- 
ever, and  this  is,  therefore,  no  indication  of  an  increased  resistance. 

Of  the  twenty-nine  closed  loops  produced  in  immune  dogs,  twenty- 
one  were  found  to  be  perforated  after  death.  This  gives  a  percent- 
age of  72  for  dogs  dying  of  perforative  peritonitis,  which  is  no  higher 
than  that  in  control  dogs  and  indicates  that  the  immune  dogs  have 
no  greater  resistance  to  the  toxemia  than  control  dogs. 

There  still  remains  the  possibility  of  an  increased  tolerance  to  the 
poison  of  intestinal  obstruction.  It  is  well  known  that  carrion-eating 
animals  can  ingest  quantities  of  putrefying  protein  that  would  poison 
man.  What  is  the  nature  of  the  resistance  to  the  poisons,  and  is 
it  possible  that  dogs  recovered  from  intestinal  obstruction  might 
show  a  slight  increased  tolerance  to  a  later  similar  condition? 

Our  experiments  so  far  do  not  indicate  an  increased  tolerance, 
but  if  there  is  a  tolerance  of  slight  grade,  it  would  take  a  great  many 
experiments  to  demonstrate  it.  If  this  should  prove  to  be  the  case, 
we  believe  that  our  work  warrants  the  statement  that  the  increased 
tolerance  is  due  to  some  variable  factor,  such  as  diminished  absorption 
in  that  section  of  intestine  which  was  affected  by  the  obstruction, 
since  an  increased  tolerance  has  not  been  noticeable  in  a  great  num- 
ber of  our  experiments. 
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CONCLUSIONS. 

1.  There  is  no  increased  immunity  or  tolerance  to  intestinal  ob- 
struction after  recovery  from  previous  obstruction. 

2.  Dogs  recovered  from  intestinal  obstruction  are  not  more  resist- 
ant to  injections  of  closed  loop  fluid  than  normal  dogs. 

3.  Dogs  injected  with  closed  loop  fluid  are  not  more  resistant  to 
intestinal  obstruction  than  normal  dogs. 

4.  In  dogs  the  normal  variation  in  resistance  both  to  intestinal 
obstruction  and  to  the  injection  of  closed  loop  fluid  is  large. 

The  authors  wish  to  express  their  appreciation  to  Dr.  A.  J.  Carlson 
for  advice  and  criticism  during  the  course  of  the  experiments. 
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THE  ACTION  OF  ANTISEPTICS  ON  THE  TOXIN  OF 
BACILLUS  WELCHII. 

A  Preliminary  Note. 

By  HERBERT  D.  TAYLOR,  M.D.,  and  J.  HAROLD  AUSTIN,  M.D. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  December  15,  1917.) 

The  chemical  sterilization  of  wounds  has  resulted  in  much  work  on  the  bacteri- 
cidal action  of  the  antiseptics  in  general  use.''"  In  a  former  paper  we  reported'' 
on  the  solvent  action  of  some  of  the  chlorinated  antiseptics  on  necrotic  tissue, 
pus,  blood  clot,  and  plasma  clot.  The  only  evidence  that  these  antiseptics  may 
have  a  destructive  action  on  bacterial  toxins  is,  first,  the  clinical  observations  of 
Carrel  and  Dehelly,''  who  noted  that  in  patients  with  infected  wounds  treated 
with  h>T)ochlorite  there  seemed  to  be  an  ameUoration  of  the  general  symptoms 
which  they  thought  might  be  due  to  a  reduction  in  the  amount  of  toxin  absorbed, 
and,  second,  some  e.xperiments  by  Lumiere,"  who  found  that  pus  containing  viru- 
lent organisms,  B.  tetani,  B.  welchii,  streptococci,  and  staphylococci,  and  presuma- 
bly also  bacterial  toxins,  became  innocuous  after  the  addition  of  hypochlorite 
solution  and  did  not  cause  symptoms  or  death  in  animals  injected  with  the  mix- 
ture. Control  animals,  injected  with  the  untreated  pus,  showed  typical  lesions. 
A  second  series  of  animals  was  injected  with  candle-filtered  specimens  of  pus 
before  and  after  treatment  with  hj-pochlorite  solution.  The  animals  that  re- 
ceived filtrate  from  untreated  pus  showed  symptoms  of  toxemia,  while  those  in 
which  the  filtrate  from  the  pus-hypochlorite  mixture  was  injected  showed  no 
to.xic  effect. 

It  seemed  desirable  to  perfomi  a  series  of  experiments  with  a  definite 
toxin  which  could  be  quantitatively  measured  and  a  suitable,  suscep- 
tible animal  as  an  indicator.     Bull  and  Pritchett^  have  demonstrated 

'  Dakin,  H.  D.,  Cohen,  J.  B.,  and  Kenyon,  J.,  Brit.  Med.  J.,  1916,  i,  160. 
Dakin,  H.  D.,  and  Dunham,  E.  K.,  ibid.,  1917,  ii,  641. 

-  Dakin,  H.  D.,  Cohen,  J.  B.,  Daufresne,  M.,  and  Kenyon,  J.,  Proc.  Roy.  Sac. 
London,  Series  B,  1916,  Ixxxix,  232. 

'  Taylor,  H.  D.,  and  Austin,  J.  H.,  /.  Exp.  Med.,  1918,  xxvii,  155. 

■*  Carrel,  A.,  and  Dehelly,  G.,  The  treatment  of  infected  wounds,  New  York, 
1917,31. 

^  Lumiere,  A.,  Compt.  rend.  Acad.,  1916,  i,  365. 

=  Bull,  C.  G.,  and  Pritchett,  I.  W.,  /.  Exp.  Med.,  1917,  xxvi,  119. 
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a  toxin  for  Bacillus  welchii  which  fulfills  all  the  requirements  of  the 
so  called  group  of  soluble  or  exotoxins.  They  have  standardized 
the  virulence  of  this  toxin,  and  confirmed  the  unpublished  observa- 
tion of  Flexner^  that  the  pigeon  is  highly  susceptible  to  the  toxin  and 
that  the  lesions  produced  in  this  animal  are  similar  to  those  observed 
in  human  cases  of  gas  gangrene.  As  wounds  infected  with  Bacillus 
it<elchii  are  frequently  encountered  in  military  surgery  today,  and  as 
the  antiseptics  studied  are  used  extensively  on  wounds  of  this  char- 
acter, it  was  decided  to  use  the  toxin  of  Bull  and  Pritchett  and  the 
pigeon  as  a  very  sensitive  indicator  of  the  relative  toxicity  of  the 
various  toxin-antiseptic  mixtures  in  the  series  of  experiments  recorded 
here.  Ten  experiments  were  performed.  Comparable  results  were 
obtained  in  all,  and  the  three  series  recorded  below  are  in  every  way 
typical. 

Method. 

Production  of  Toxin. — Virulent  strains  of  Bacillus  welchii  were 
grown  for  18  hours  in  the  culture  medium  described  by  Bull  and 
Pritchett,^  which,  briefly,  is  made  as  follows:  To  10  cc.  of  0.2  per 
cent  glucose  broth  are  added  a  few  fragments  of  sterile  rabbit  muscle. 
Inoculations  are  made  into  this  medium  under  a  layer  of  sterile  paraffin 
oil  and  the  cultures  incubated  in  a  vacuum  jar  from  which  the  air  has 
been  exhausted.  After  incubation,  the  fluid  is  centrifuged  for  20 
minutes  at  high  speed  and  filtered  through  a  Berkefeld  N  candle. 
The  different  lots  of  toxin  produced  in  this  way  are  found  to  differ 
considerably  in  potency.  For  example,  0.3  cc.  of  the  filtrate  used  in 
E.xperiment  1  contained  one  fatal  dose  of  toxin,  while  it  required  1  cc. 
of  the  filtrate  used  in  Experiments  2  and  3  to  produce  a  similar  effect. 
In  all  cases  the  toxic  filtrate  was  titrated  previously  to  its  use  to  de- 
termine the  smallest  amount  which  would  kiU,  in  12  hours  or  less,  a 
pigeon  weighing  from  300  to  400  gm.,  and  this  amount  was  considered 
as  one  lethal  dose. 

Treatment  of  Toxin  with  Antiseptic. — Volumes  of  filtrate  containing 
the  required  number  of  fatal  doses  were  measured  into  Esmarch 
dishes.  Horse  serum,  inactivated  at  58°C.  for  1  hour,  was  next  added 
to  the  solutions  in  which  it  was  used.     Sodium  chloride  solution, 

'  Flexner,  S.,  quoted  by  Bull  and  Pritchett.'^ 


HERBERT    D.    TAYLOR   AND    J.    HAROLD    AUSTIN 


377 


0.9  per  cent,  was  added  to  the  portions  requiring  additional  volume, 
and  the  antiseptic  to  be  tested  was  added  last  of  all.  The  volume 
used  for  injection  was  kept  constant  in  each  experiment,  with  the 
exceptions  noted  below.  The  antiseptic  was  allowed  to  remain  for 
5  minutes  in  contact  with  the  other  substances  to  be  injected,  and 
then  the  entire  volume  was  injected  into  the  pectoral  muscles  of  a 
pigeon.  Before  injection,  the  feathers  were  removed  from  the  breast 
and  the  skin  was  washed  with  alcohol.  The  results  of  Experiment  1 
are  shown  in  Table  I. 

TABLE    I. 
Experiment  1. 


1 

1 

T3     . 

Antisepitic. 

III 
111 

Result 

em. 

cc. 

cc. 

1 

410 

1 

3 

Died  in  12  hrs. 

2 

425 

2 

3  cc 

of  Dakin's  solution.  * 

Lived. 

3 

425 

4 

3   " 

"        "              "        * 

" 

4 

425 

4 

3   " 

"        "              "        * 

1.5 

" 

5 

410 

2 

3   " 

"   phenol          "        t 

Died  in  10  hrs. 

6 

425 

4 

3   " 

"        "              "        t 

"   "     5    " 

7 

240 

3   " 

"   Dakin's        "        * 

Lived. 

8 

325 

3   " 

"   phenol         "        t 

" 

*  Dakin's  solution  titrated  0.5  per  cent  sodium  hypochlorite  concentration  (made 
from  bleaching  powder). 

t  Phenol  solution,  0.25  per  cent. 


Experiment  1. — One  fatal  dose  of  toxin  killed  Pigeon  1  in  12  hours. 
3  cc.  of  Dakin's  h^'pochlorite  solution,  titrating  0.5  per  cent  sodium 
hypochlorite,  protected  Pigeon  2  against  two  fatal  doses,  and  the 
same  amount  of  the  solution  protected  Pigeon  3  against  four  fatal 
doses  of  toxin.  That  blood  serum  will  cause  hypochlorite  solution 
to  decompose  is  well  known,  and  that  it  will  reduce  the  effectiveness 
of  this  solution,  at  least  as  a  germicide,  is  shown  by  the  experiments 
reported  by  Dakin  and  his  coworkers.'-  -  3  cc.  of  Dakin's  hypo- 
chlorite solution  protected  Pigeon  4  against  four  fatal  doses  of  toxin, 
even  in  the  presence  of  1.5  cc.  of  horse  seriun.     Phenol  did  not  exhibit 
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any  protective  action.  Pigeon  5,  injected  with  a  mixture  of  3  cc.  of 
0.25  per  cent  phenol  and  two  fatal  doses  of  to.xin,  died  in  10  hours. 
Pigeon  6,  receiving  the  same  amount  of  phenol  solution  but  four  fatal 
doses  of  toxin,  died  5  hours  after  inoculation.  Pigeons  7  and  8,  in- 
jected with  the  antiseptics  in  the  same  amount  and  concentration  as 
employed  in  the  toxin-antiseptic  mixtures  injected  into  the  other 
pigeons,  survived,  thus  demonstrating  that  the  antiseptics  themselves 
were  not  toxic  and  could  not  have  explained  the  death  of  Pigeon  5  in 
10  hours  and  that  of  Pigeon  6  in  5  hours. 

Experiment  2. — The  results  of  this  experiment,  recorded  in  Table 
II,  confirm  those  obtained  in  Experiment  1.  Because  the  toxin  avail- 
able at  this  time  was  not  so  potent  as  that  used  in  the  first  experi- 
ment, it  was  necessary  to  use  greater  quantities  for  injection.  In 
order  that  the  total  volume  of  the  solutions  to  be  injected  should  not 
be  increased  above  12  cc.  ahd  that  the  relative  concentration  of  the 
antiseptics  should  be  of  a  degree  comparable  with  those  used  in 
Experiment  1,  it  was  necessary  to  concentrate  them  somewhat; 
therefore  a  triple  strength  Dakin's  hypochlorite  solution,  titrating  1.5 
per  cent  sodium  hvpochlorite  concentration,  and  a  1  per  cent  phenol 
solution  were  used.  The  final  strength  of  the  sodium  hjpochlorite 
and  of  phenol  in  the  injected  mixtures  was  comparable  with  that  of 
those  of  Experiment  1,  inasmuch  as  the  dilution  was  considerably 
greater.  The  results  were  the  same  as  those  recorded  for  Experiment 
1  in  Table  I. 

Experiment  3. — In  this  experiment  the  action  of  chloramine-T  was 
contrasted  with  that  of  Dakin's  hypochlorite  solution  and  of  phenol. 
The  results  shown  in  Table  III  were  similar  to  those  obtained  when 
the  hypochlorite  solution  was  used  and  confirm  those  summarized  in 
Tables  I  and  II.  They  also  show  that  chloramine-T  is  able  to  protect 
pigeons  against  at  least  three  fatal  doses  of  the  toxin  and  that  its 
action  is  still  demonstrable  when  serum  is  previously  mLxed  with  the 
toxin  and  the  antiseptic  is  required  to  act  on  it  as  well  as  on  the  toxin. 


HERBERT   D.    TAYLOR   AND    J.    H.AROLD    AUSTIN 


379 


TABLE    II. 
Experiment  2. 


1 

s 

1 

S 
•§  . 

a 

.\ntiseptic. 

S 

s 

Result. 

sm. 

cc. 

cc. 

9 

270 

1 

7 

Died  in  15  hrs.* 

10 

310 

3 

2cc 

of  Dakin's  solution. 

i 

3 

Lived. 

11 

310 

6 

2   " 

" 

t 

" 

m 

310 

6 

3    " 

"        "             " 

t 

3 

" 

13 

275 

3 

2   " 

"  phenol          " 

§ 

3 

Died  in  15  hrs.* 

14 

200 

6 

2   " 

"        "             " 

§ 

u        ,<J5     u    ♦ 

15 

240 

2   " 

"  Dakin's       " 

t 

6 

Lived. 

16 

410 

2   " 

"  phenol         " 

§ 

6 

" 

*  Over  night. 

t  Dakin's  solution  titrating  1.5  per  cent  sodium  hypochlorite  (triple  strength). 

J  In  this  pigeon  the  volume  injected  was  12  cc,  in  the  others  8  cc. 

§  1  per  cent. 

TABLE    III. 
Experiment  3. 


■z 

1 

i 

.\ntiseptic. 

i 

o 

Rfsult. 

em. 

cc. 

cc. 

17 

480 

1 

7 

Died  in  12  hrs. 

18 

470 

3 

5  CC 

of  Dakin's    solution 

.* 

Lived. 

19 

430 

6 

2     " 

"        "                ■' 

f 

" 

20t 

460 

6 

2   " 

" 

t 

4 

" 

21 

420 

3 

5   " 

"  phenol             " 

§ 

Died  in  5  hrs. 

22 

500 

3 

5   " 

"  chloramine-T  " 

ll 

Lived. 

23t 

500 

3 

5   " 

"        "                " 

II 

4 

" 

24 

320 

5   " 

"  Dakin's           " 

t 

3 

" 

25 

450 

5   " 

"  phenol             " 

§ 

3 

" 

26 

310 

5   " 

"  chloramine-T  " 

il 

'* 

*  0.5  per  cent  sodium  hypochlorite  titration, 
t  1.73  per  cent  sodium  hypochlorite  titration. 

I  In  this  pigeon  12  cc.  were  injected,  in  the  others  8  cc. 
§  0.25  per  cent. 

•  1  2  per  cent   chloramine-T  (equivalent  to  0.5  per  cent  sodium  hypochlorite). 
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DISCUSSION. 

From  the  experiments  outlined  above  it  is  apparent  that  Dakin's 
hypochlorite  and  chloramine-T  solutions  will  destroy  the  toxin  pro- 
duced by  Bacillus  welchii.  It  has  seemed  more  precise,  for  experi- 
mental purposes,  to  make  the  mixtures  of  toxin  and  antiseptic  in 
vitro,  but  from  the  experiments  of  Lumiere^  and  the  clinical  observa- 
tions of  Carrel  and  Dehell>-^  it  seems  possible  that  these  solutions 
may  exert  a  similar  influence  when  used  in  the  treatment  of  infected 
wounds.  The  fact  that  the  detoxicating  action  was  still  demonstrable 
when  the  toxin  was  treated  with  serum  before  the  addition  of  the 
antiseptic  adds  to  the  clinical  significance  of  these  observations,  be- 
cause the  conditions  then  closely  simulate  those  encountered  when  the 
antiseptic  is  applied  to  wounds. 

Phenol  solutions  of  a  final  concentration  of  0.25  per  cent  exhibited 
no  destructive  action  on  the  toxin,  and  all  the  animals  injected  with  a 
toxin-phenol  mixture  succumbed  in  the  24  hour  interval  following 
inoculation. 

The  control  pigeons  (Nos.  7  and  8,  Table  I;  Nos.  15  and  16,  Table 
II;  and  Nos.  24,  25,  and  26,  Table  III)  always  survived;  the  anti- 
septic substances  in  the  quantities  and  concentrations  used,  therefore, 
were  not  of  themselves  lethal. 

No  attempt  was  made  to  determine  the  maximum  number  of  fatal 
doses  of  toxin  against  which  a  given  amount  and  concentration  of 
antiseptic  was  able  to  protect,  nor  did  we  go  into  the  question  of  the 
length  of  time  that  the  antiseptic  and  toxin  must  be  in  contact  before 
injection  in  order  that  detoxication  may  occur. 

The  pathology  of  the  lesions  in  the  pigeons  that  died  in  the  above 
experiments  was  substantially  the  same  as  that  described  by  Bull  and 
Pritchett.'  In  those  that  did  not  die  varying  grades  of  local  edema, 
congestion,  swelling,  and  discoloration  of  the  skin  and  subcutaneous 
tissue  were  observed.  These  lesions  were  never  marked  and  in  no 
instance  did  they  approach  those  observed  in  the  birds  receiving 
injections  which  resulted  fatally.  Those  receiving  phenol  alone  showed 
slightly  more  marked  lesions  than  those  receiving  the  hypochlorite 
alone. 

In  no  instance  did  the  pigeons  recorded  "Lived"  in  the  tables  die 
in  the  interval  of  observation,  which  was  at  least  1  week  and  in  most 
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instances  2  weeks  or  longer.  Any  possibility  of  retarded  deleterious 
effects,  therefore,  from  the  toxin-antiseptic  mixtures  injected,  is 
practically  excluded. 

Finally,  it  seems  desirable  to  add  that  these  observations  are  not 
recorded  with  the  purpose  of  advocating  the  use  of  an  antiseptic 
in  the  place  of  the  specific  antitoxin  produced  by  Bull  and  Pritchett." 
In  human  surgery  the  antiseptic  treatment  of  infected  wounds  will 
doubtless  be  combined  with  specific  serum  therapy." 

CONCLUSIONS. 

1.  Dakin's  hypochlorite  and  chloramine-T  solutions  will  protect 
pigeons  against  multiple  fatal  doses  of  the  toxin  of  Bacillus  welchii 
when  the  antiseptic  and  the  toxin  are  mixed  in  vitro  and  allowed  to 
stand  in  contact  for  5  minutes  before  injection. 

2.  The  detoxicating  action  of  the  solutions  is  demonstrable  also 
in  the  presence  of  serum. 

3.  Phenol  solution,  0.25  per  cent,  has  no  such  action. 

We  take  this  opportunity  to  thank  Dr.  Bull  and  Miss  Pritchett  for 
their  help  and  advice  in  the  production  and  use  of  the  toxin. 

'A  comparison  of  the  behavior  of  these  antiseptics  enables  us  to  distinguish 
two  groups.  In  one,  the  antiseptic  while  bactericidal  possesses  little  or  no 
destructive  action  upon  the  products  of  bacterial  activity;  of  this  group  phenol 
is  an  example.  In  the  other  group,  the  antiseptic  attacks  chemically  not  only 
the  bacteria  but  also  their  products  and  by  an  alteration  or  disintegration  of 
the  molecules  of  the  latter  alters  their  properties  and  renders  them  inert;  of 
this  group  the  chlorinated  antiseptics  are  the  most  striking  examples.  This 
action  of  these  chlorinated  antiseptics  is  to  be  attributed  chiefly,  as  pointed  out 
by  Dakin,  to  their  affinity  for  the  amino  group  of  the  protein  molecule. 
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In  a  previous  paper  the  authors  (1)  have  shown  that  the  appearance 
of  nucleated  red  corpuscles  in  the  peripheral  circulation  is  indepen- 
dent of  the  increased  blood  flow  produced  by  exercise  or  by  vasomotor 
paralysis.  A  slight  increase  in  the  number  of  these  cells  may  be 
obtained,  but  one  which,  when  thoroughly  analyzed,  never  gives  the 
picture  of  a  true  normoblast  crisis.  In  the  same  paper  it  was  said 
that  the  experiments  on  increased  blood  flow  were  designed  to  control 
more  radical  perfusion  experiments  by  means  of  which  cellular 
extrusion  from  the  marrow  could  be  studied  directly.  The  interesting 
feature  of  normoblast  appearance  is  its  relation  to  blood  regeneration, 
its  reliability  as  an  index  of  new  formation.  Perfusion  work  upon 
the  marrow  cannot  be  carried  through  a  long  enough  period  to  give 
direct  evidence  of  blood  regeneration  through  increased  red  cell  counts. 
It  is  therefore  necessary  to  make  use  of  the  appearance  of  nucleated 
red  cells  as  indicating  the  operation  of  stimuli  for  regeneration,  pro- 
\'ided  this  appearance  can  be  shown  to  be  an  acute  and  reliable 
reaction. 

In  addition  to  a  further  demonstration  of  the  fact  that  increased 
blood  flow  through  the  bone  marrow  has  in  itself  no  influence  upon 

*  The  e.xpense  of  this  research  was  in  part  defrayed  by  a  grant  from  the  Bache 
Fund  of  the  National  .\cademy  of  Sciences. 

383 


384  NUCLEATED   RED   BLOOD   CORPUSCLES.      n 

normoblast  appearance,  the  present  paper  is  designed  to  give  a 
thorough  picture  of  the  nucleated  red  cell  crisis,  its  time  of  appearance, 
duration,  relation  to  marrow  h}perplasia,  etc.  It  would  seem  that 
nothing  could  be  added  to  the  literature  of  secondary  anemia  brought 
about  by  large,  repeated  hemorrhages.  We  had  hoped  on  under- 
taking work  upon  the  problem  of  blast  appearance  to  find  data  which 
would  place  the  reaction  with  complete  accuracy.  But  such  data 
do  not  exist  so  far  as  we  have  been  able  to  ascertain.  Tables  giving 
the  rate  of  regeneration  in  relation  to  hemoglobin  formation  are 
numerous,  but  neither  these  nor  other  studies  give  adequate  pictures 
of  the  relation  of  nucleated  red  cells  to  regeneration. 

Rieder  (2)  in  his  study  of  leukocytosis  gives  one  instance  in  which  normoblasts 
were  found  in  the  blood  of  a  dog  24  hours  after  hemorrhage.  This  statement  is 
unaccompanied  by  control  figures  of  blood  composition  before  blood  loss. 

Koeppe  (3)  finds  nucleated  red  cells  235-  and  48  hours  after  hemorrhage  in  two 
rabbits.    Here  again  there  is  lack  of  thorough  examination  before  operation. 

Zenoni  (4)  attempts  to  ascertain  whether  the  appearance  of  nucleated  red 
cells  in  the  circulation  is  a  result  of  the  decrease  of  the  blood  mass  through  hemor- 
rhage, or  whether  it  is  a  hematopoietic  reaction.  Four  dogs,  two  rabbits,  and  five 
guinea  pigs  were  used,  and  care  was  taken  that  no  normoblasts  were  present  in 
the  circulation  before  hemorrhage.  The  guinea  pigs  and  rabbits  were  bled  once 
from  the  carotid  artery  in  large  amount  and  films  were  made  from  the  subcuta- 
neous blood  immediately  and  several  hours  after  the  operation.  In  one  guinea 
pig  normoblasts  were  found  after  20  hours,  in  the  two  rabbits  after  48  hours,  and 
in  one  dog,  treated  in  the  same  way,  after  18  hours.  No  saline  infusion  was 
given  in  these  cases.  The  remaining  three  dogs  were  bled  repeatedly  at  one  opera- 
tion, the  blood  being  defibrinated  and  returned.  One  showed  normoblasts  in  1^ 
hours,  another  in  5  J-,  and  the  last  in  7  J  hours.  Throughout  the  entire  work  there 
are  no  tables  indicating  the  number  of  specimens  examined,  nor  is  there  any  note 
upon  the  character  of  the  anesthesia.  The  hemorrhage  and  return  of  defibrinated 
blood  involved  a  protracted  operation.  We  have  found  that  ether  anesthesia, 
unless  exceedingly  brief,  will  cause  the  appearance  of  normoblasts  with  the  fa- 
miliar leukocytosis  which  is  associated  with  this  anesthetic.  We  may  therefore  sum- 
marize Zenoni's  work  in  the  conclusions  that  simple  hemorrhage  in  rabbits, 
guinea  pigs,  and  one  dog  required  a  considerable  interval  in  order  to  cause  blast 
appearance,  and  that  rapidly  repeated  hemorrhages  with  return  of  defibrinated 
blood  in  dogs  caused  these  cells  to  appear  quickly.  We  have  never  repeated  these 
last  observations  of  Zenoni's,  since  they  seemed  to  us  to  involve  many  possibilities 
aside  from  those  he  conjectured.  The  procedure  undoubtedly  gives  repeated 
closing  down  and  opening  up  of  the  marrow  vessels  as  the  circulation  is  depleted 
and  replenished.    This,  of  course,  means  periods  of  decreased  and  possibly  in- 
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creased  blood  flow,  but  unless  done  under  sterile  conditions,  without  defibrination 
and  the  consequent  introduction  of  serum  and  hemoglobin  with  their  possibilities 
of  leukocytosis  production  and  accompanying  blast  appearance,  it  seems  to  us  to 
lack  the  controls  necessary  for  conclusive  deductions. 

Lazarus  (5)  states  that  nucleated  red  cells  do  not  appear  in  human  blood  until 
the  2nd  or  3rd  day  after  hemorrhage. 

Yon  Willebrand  (6)  in  a  series  of  observations  on  posthemorrhagic  anemia  in 
dogs  and  rabbits  makes  the  following  comment : 

Nucleated  red  corpuscles  were  observed  after  venesection  in  all  the  specimens  of  blood 
examined,  but  it  must  be  stated  in  confirmation  of  the  work  of  Timofejewsky,  and  Schau- 
man  and  Rosenquist,  that  similar  cells  were  found  in  three  out  of  nine  normal  animals 
e.xamined — dogs  and  rabbits — prior  to  venesection,  although  in  these  cases  the  nucleated 
cells  were  not  numerous,  the  maximum  being  4  in  10  sq.  mm. 

The  cells  were  usually  not  present  in  large  numbers  after  venesection.  As  a  rule 
they  were  most  numerous  during  the  first  few  days  following  the  operation,  and  then  dis- 
appeared gradually  from  the  blood.  I  have  never  been  able  to  observe  so  numerous  an 
invasion  of  these  cells  as  von  Noorden  observed  and  described  under  the  term  "blood 
crisis." 

The  exact  time  of  appearance  of  the  nucleated  red  cells  after  bleeding  cannot  be  readily 
determined,  inasmuch  as  these  cells  may  be  present  normally  in  the  blood.  In  E.xperi- 
ment  3  relatively  numerous  cells  1 21  in  place  of  2  before  venesection)  appeared  as  early  as 
8j  hours  after  the  operation.  .\11  the  nucleated  cells  were  of  the  normoblast  type.  In 
size  they  resembled  normal,  unnucleated  blood  corpuscles. 

Bunting  (7)  has  compared  the  blood  pjpture  in  a  rabbit  rendered  anemic 
through  repeated  hemorrhages  with  that  of  ricin  and  saponin  poisoning.  He 
found  IS  normoblasts  per  c.  mm.  24  hours  after  the  first  of  two  hemorrhages 
totalling  20  cc.  After  26  hours,  10  cc.  more  blood  having  been  taken  on  the 
24th  hoinr,  the  number  had  risen  to  108  normoblasts  per  c.  mm.  In  a  second 
case  12  cells  were  found  23  hours  after  a  hemorrhage  of  45  cc.  In  neither  of 
these  instances  were  counts  recorded  at  short  intervals  immediately  following 
Lhe  blood  loss. 

EXPERIMENTAL. 

Dogs  only  were  used  in  the  experiments  and  since,  as  will  be  seen, 
the  observations  were  carried  over  a  long  period,  particular  care  was 
taken  to  keep  the  animals  in  good  physical  condition.  They  were 
fed  on  a  diet  of  meat,  bread,  and  dog  biscuit.  Except  for  an  attack 
of  acute  and  fatal  distemper  in  Dog  1  none  of  the  animals  showed 
illness  or  suffered  loss  of  weight.  In  addition  to  the  five  dogs  whose 
records  form  the  basis  of  this  paper,  we  have  bled  with  immediate 
infusion  and  bled  without  infusion  six  other  animals,  following  the 
egress  of  cells  at  §  hour  intervals  for  from  8  to  10  hours  after  the 
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operation.  As  the  results  thus  obtained  coincide  with  those  obtained 
with  the  five  animals  subjected  to  more  or  less  continuous  observation 
we  do  not  include  them  specifically  in  any  of  the  data  presented. 

Charts  of  three  of  the  five  dogs  of  this  series  are  given  in  this  paper 
(Te.xt-figs.  1,  2,  and  3).  In  the  case  of  the  first  two,  we  did  not  at 
first  realize  the  need  for  daily  observations  so  that  their  records  are 
incomplete,  but  as  far  as  they  go  they  amply  confirm  the  published 
data. 

It  was  our  original  intention  to  bleed  and  infuse,  studying  the  blood 
composition  before  the  operation  and  at  repeated,  short  intervals 
after  it  Experiments  with  the  isolated  tibia  of  the  dog  showed  that 
hemorrhage  and  immediate  infusion,  with  consequent  blood  dilution, 
will  increase  the  blood  flow  through  the  bone  often  fivefold.  Could 
it  be  shown  that  the  sudden  increase  dislocated  marrow  cells?  We 
have  already  commented  upon  the  fact  (1)  that  if  the  marrow  vessels 
of  all  mammals  are  as  incomplete  as  those  pictured  for  the  rabbit, 
allowing  the  normal  blood  current  to  wander  through  a  loose  network 
of  cells,  there  should  be  easy  dislocation  of  such  cells  under  the  in- 
fluence of  a  markedly  increased  blood  flow.  That  the  dislocation 
does  not  occur  readily  has  been  indicated  by  the  literature  cited,  but 
not  proved,  because  of  lack  of  precise  following  of  the  blood  changes. 
It  is  noticeable  that  in  none  of  the  experiments  cited  has  there  been 
hemorrhage  with  immediate  saline  infusion.  It  is  a  question  how 
long  blood  volume  restoration  by  intravenous  salt  solution  lasts.  But 
there  is  no  doubt  that  for  the  1st  hour  following  hemorrhage  and  in- 
fusion the  volume  of  blood  passing  through  the  bone  marrow  is  greatly 
increased.  Boycott  and  Douglas  (8)  have  shown  extremely  rapid 
restoration  of  blood  volume  in  rabbits  subjected  to  large  hemorrhages 
and  not  infused.  Dogs  apparently  restore  blood  volume  more  slowly, 
though  Hiinerfauth  (9)  found  no  difference  between  dogs  and  rabbits. 
It  is  possible  that  this  rapidity  of  restoration  indicates  the  reason 
our  experiments  upon  blast  extrusion  show  no  variation  whether  or 
not  salt  solution  was  given.  There  is  a  frequent  small  increase  in 
nucleated  red  cells  immediately  after  hemorrhage,  determined  ap- 
parently by  the  fact  that  all  intravascular  blood  cells  are  in  the  active 
blood  current  at  this  time  and  the  true  blood  composition  can,  there- 
fore, be  properly  appreciated  on  examination  of  specimens  from  the 
capillaries. 
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Boycott  and  Douglas  (8)  emphasize  the  increase  in  speed  of  regenera- 
tion of  hemoglobin  which  follows  repeated  hemorrhage  and  consequent 
extension  of  erythrocyte-forming  tissue.  The  effect  of  hemorrhage 
in  drawing  immature  red  cells  into  the  circulation  has  not  been 
studied  in  animals  which,  because  of  marked  hyperplasia,  are  known 
to  have  a  large  volume  of  cell-bearing  tissue.  The  fact  that  normo- 
blasts accompanying  leukocytosis  appear  with  pecuhar  readiness  in 
cliildren  has  been  commented  upon,  but  the  literature  is  lacking  in 
precise  following  of  the  reaction  through  a  series  of  hemorrhages. 

Technique  a>id  Immediate  Effects  oj  Hemorrhage  and  Infusion. 

Unless  otherwise  designated  blood  specimens  were  taken  by  sub- 
cutaneous puncture  after  a  brief  period  of  exercise.  In  every  case 
red  cell  counts,  white  cell  counts,  and  two  films  were  made,  the 
latter  being  invariably  stained  with  Wright's  stain.  Nucleated  red 
corpuscles  were  enumerated  per  c.nim.  on  the  basis  of  the  number 
seen  while  counting  1,000  leukocytes  in  the  films.  All  red  and  white 
cell  counts  were  made  by  two  of  us. 

It  was  found  early  in  the  work  that  the  indi\ddual  hemorrhages 
were  better  borne  and  could  be  made  much  more  extensive  if  accom- 
panied by  sterile  saline  infusions.  Consequently  figures  given  for 
the  amount  of  blood  removed  do  not  represent  whole  blood,  since  in 
the  latter  part  of  the  hemorrhage  much  of  the  fluid  taken  out  had 
just  been  introduced.  Under  ordinary  circumstances  after  removal 
of  from  200  to  400  cc.  of  blood  an  equal  amount  of  salt  solution  was 
returned  through  the  same  cannula.  Then  followed  another  large 
blood  removal  and  sahne  injection,  and  so  on  until  in  our  judgment 
the  danger  limit  had  been  reached.  While  this  method  proved  most 
satisfactory  for  the  purpose  of  protracted  experiments  when  it  was 
essential  to  run  no  risk  of  losing  the  animal,  it  obviously  leaves  the 
estimate  of  the  size  of  hemorrhage  to  the  blood  counts.  In  nearly  all 
cases  morphine  and  cocaine  anesthesia  was  used,  ether  being  necessary 
but  a  few  times. 

All  operations  were  done  under  sterile  conditions.  Two  bleedings 
could  usualh'  be  obtained  from  each  external  jugular  vein,  one  from 
each  of  the  carotid  arteries,  one  from  each  brachial  artery,  and  in 
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large  dogs  one  from  each  saphenous  artery.  This  progressive  cutting 
down  of  the  vascular  bed  never  produced  permanent  ill  effects  and 
gave  opportunity  for  ten  hemorrhages,  more  than  enough  for  our 
purpose.  On  several  occasions  we  saw  temporary  circus  movements 
and  amblyopia  after  large  hemorrhages,  but  prompt  recovery  followed. 
Tables  I  and  II  illustrate  the  immediate  effect  of  hemorrhage  and 
infusion  upon  the  nucleated  red  cell  count  in  a  normal  dog  (Table  I), 
and  in  the  same  animal  rendered  hyperplastic  by  four  hemorrhages 
occurring  at  intervals  during  a  period  of  2§  months  (Table  II).     On 

TABLE  I. 

Immediate  EJfcct  of  Hemorrhage  and  Infusion  upon  the  Nucleated  Red  Cell  Count 
in  a  Normal  Dog. 

Dog  2;  female;  weight  8.9  kilos;  October  21,  1916. 


Specimen. 

Hour. 

Red  cells  per 

c.mm. 

White  cells 
per  c.mm. 

Nucle- 
ated red 
cells 
per 

Remarks. 

a.  m.-p.  m. 

1 

9.35 

4,960,000 

12,700 

127 

1st  e-xperimental  day. 

9.48 

Ether  begun. 

2 

10.09 

5,488,000 

18,500 

203 

Specimen  2  taken  just  be- 
fore bleeding  and  after 
21  minutes  of  etlier. 

Average 

5,224,000 

165 

10.09- 

360  cc.  of  blood  removed 

10.23 

in  one  large  hemorrliage; 
660  cc.  of  salt  solution 
returned. 

3 

10.23 

2,776,000 

10,300 

144 

Taken  immediately  after 
saline  infusion. 

4 

10.45 

3,200,000 

8,000 

288 

Animal  rapidly  coming 
out  of  ether. 

5 

11.30 

3,504,000 

11,900 

154 

^ 

6 

12.15 

3,816,000 

18,200 

273 

7 

1.00 

3,400,000 

19,700 

157 

8 

1.45 

3,392,000 

20,700 

227 

9 

2.30 

2,992,000 

20,200 

141 

10 

3.15 

3,192,000 

20,800 

166 

11 

4.00 

3,000,000 

17,800 

142 

Average 

3,252,000 

188 
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October  21,  1916,  Dog  2  in  two  observations  showed  an  average  of  165 
nucleated  red  cells  per  c.mm.  After  a  hemorrhage  and  an  infusion 
of  salt  solution  which  reduced  the  red  cell  count  from  5,224,000  to 
3,252,000,  nine  observations  during  a  period  of  5^  hours  immediately 
following  the  hemorrhage  gave  an  average  of  188  nucleated  red  cells 
per  c.mm.  of  blood.  This  increase,  which  becomes  relatively  larger 
when  considered  from  the  point  of  \ne\v  of  proportion  of  nucleated 
red  cells  to  total  red  cell  count,  is  nevertheless  too  small,  in  our  opin- 
ion, to  be  regarded  as  representing  a  real  dislocation  of  cells  from 
the  marrow.  We  beheve  it  to  have  been  due  to  a  profound  stirring 
up  of  the  circulation  following  the  infusion,  and  to  a  consequent  more 
even  distribution  of  cells  throughout  the  peripheral  area — a  phenom- 
enon such  as  we  have  shown  to  occur  with  exercise  (1).  This  belief 
is  further  strengthened  by  the  figures  given  in  Table  II,  taken  from 
the  same  animal. 

On  January  15,  1917,  Dog  2,  rendered  h\-perplastic  by  four  fairly 
severe  hemorrhages,  was  again  bled  and  infused.  Two  observations 
before  hemorrhage  showed  no  nucleated  red  cells.  Twelve  observa- 
tions following  the  infusion  and  extending  over  a  period  of  6  hours 
gave  an  average  of  5  nucleated  red  cells  per  c.mm.  Ten  of  these 
twelve  observations  showed  no  blasts  at  all.  This  insignificant  in- 
crease in  an  animal  whose  marrow  was  presumably  richly  provided 
with  nucleated  red  cells,  strengthened  our  behef  that  the  increased 
rate  of  blood  flow  following  hemorrhage  and  infusion  is  not  a  procedure 
which  will  dislocate  cells  from  marrow. 

Table  III  summarizes  briefly  the  immediate  results  of  numerous 
hemorrhages  in  Dogs  3,  4,  and  1,  giving  the  niunber  of  specimens 
taken  before  and  after  the  hemorrhage  on  each  experimental  day,  the 
nimiber  of  hours  after  hemorrhage  during  which  the  observations  were 
made,  and  the  average  red  cell,  white  cell,  and  nucleated  red  cell  count 
before  and  after  each  hemorrhage.  These  figures  confirm  those  taken 
from  Dog  2.  In  thirteen  out  of  nineteen  cases  a  slight  increase  oc- 
curred in  the  number  of  nucleated  red  cells  following  the  hemorrhage 
and  infusion;  in  five  cases  a  slight  decrease  in  the  nimiber  of  blasts 
followed  the  hemorrhage;  in  one  instance  there  was  no  change. 
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Nucleated  Red  Cell  Count  in  a  Dog  Rendered  Hyperplastic  by  Four  Hemorrhages  at 
Intervals  during  a  Period  of  2^  Months. 

Dog  2  (continued);  January  15,  1917. 


Nucle- 

Specimen. 

Hour. 

Red  cells  per 

White  cells 
per  c.mm. 

ated  red 
cells 
per 

Remarks. 

.\nimal  bled  and  infused 
on  Oct.  21,  1916,  Nov. 
10,  Dec.  14,  and  Jan. 
1,1917. 

8.50 

1 .2  cc.  of  3  per  cent  solu- 
tion of  morphine  sul- 
fate subcutaneously. 

1 

8.55 

7,528,000 

11,500 

0 

2 

10.20 

7,096,000 

15,800 

0 

Average 

7,312,000 

0 

10.20-10.40 

Bled  630  cc.  from  exter- 
nal jugular  vein;  1,100 
cc.  of  salt  solution  in- 
fused. 

3 

10.40 

2,432,000 

17,200 

0 

4 

11.00 

3,120,000 

13,000 

0 

5 

11.30 

3,284,000 

17,600 

0 

6 

12.00 

2,912,000 

19,100 

19 

7 

12.30 

3,176,000 

19,400 

0 

8 

1.00 

3,216,000 

26,800 

0 

9 

1.30 

3,286,000 

24,250 

48 

10 

2.30 

3,028,000 

27,600 

0 

11 

3.00 

3,005,000 

30,100 

0 

12 

3.45 

3,056,000 

25,800 

0 

13 

4.30 

2,944,000 

28,000 

0 

14 

4.45 

3,072,000 

30,800 

0 

Average 

3,044,(fe0 

5 

The  True  and  the  Pseudocrisis  and  the  Time  of  Their  Occtirrence. 

Wc  have  just  pictured  the  immediate  result  of  hemorrhage  and 
infusion.  On  inspection  of  Text-figs.  1,2,  and  3  it  is  evident  that  the 
sUght  increase  in  nucleated  red  cells  occurring  immediately  after 
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TABLE    III. 


Immediate  Effect  of  Numerous  Hemorrhages  upon  the  Red  Cell,  White  'Cell,  and 
Nucleated  Red  Cell  Count. 


Before 
rhage. 


Du  ra- 
tio Q  of 
obser- 
vation 
after 
hemor- 
rhage. 


Average  No.  of  red  cells 


Before 

rhage. 


After 
hemor- 
rhage. 


Average  No. 
of  nucleated  rt 
cells  per  c.mm 


Before 
hemor- 
rhage. 


Dog 

3. 

1917 

kn. 

Jan.  5 

2 

11 

5i 

5,696,000 

3,653,000 

14,700 

25,000 

0 

15 

"   16 

2 

10 

6 

5,556,000 

3,261,000 

14,000 

23,700 

59 

347 

Feb.  2 

2 

6 

51 

4,664,000 

2,852,000 

18,400 

22,300 

206 

450 

"  23 

2 

4 

3J 

7,122,000 

3,720,000 

19,800 

29,600 

12 

2 

Mar.  U 

2 

5 

6| 

6,788,000 

3,928,000 

30,300 

42,400 

85 

133 

"  29 

1 

,  4 

5} 

6,592,000 

3,378,000 

21,400 

36,300 

107 

102 

Apr.  16 

2 

3 

5 

7,040,000 

4,058,000 

23,200 

35,300 

0 

57 

May  2 

1 

3 

4 

7,416,000 

4,834,000 

14,400 

32,700 

14 

26 

Dog  4. 


Feb.  9 

2 

6 

5i 

8,812,000 

6,384,000 

17,000 

21,200 

0 

0 

"  20 

7 

6 

5 

6,113,000 

5,214,000 

20,700 

38,200 

0 

266 

Mar.  9 

1 

4 

^ 

5,928,000 

2,618,000 

34,100 

28,100 

0 

47 

"  28 

2 

4 

5 

6,120,000 

3,001,000 

14,300 

18,300 

0 

25 

Apr.  17 

2 

3 

J 

6,772,000 

3,320,000 

15,100 

30,500 

14 

55 

May  4 

1 

2 

2i 

7,040,000 

5,463,000 

17,800 

28,300 

0 

52 

Dogl. 


Mar.  7 

1 

6 

5, 

6,072,000 

4,042,000 

28,300 

18,000 

28 

2 

"   16 

1 

5 

5i 

5,048,000 

2,724,000 

18,000 

19,400 

54 

65 

Apr.  2 

2 

4 

4| 

5,860,000 

3,688,000 

21,300 

28,700 

205 

89 

"   18 

2 

2 

2i 

6,158,000 

4,080,000 

13,600 

16,700 

423 

245 

May  7 

1 

1 

i 

6,124,000 

3,360,000 

16,600 

8,900 

33 

320 

hemorrhage  never  reaches  a  height  comparable  with  that  attained 
later  in  the  curves,  just  before  pronounced  red  cell  increase.  This 
first  small  addition  of  normoblasts  is  well  seen  in  Text-fig.  1,  Dog.  3, 
February  2,  1917.  The  result  of  hemorrhage  and  infusion  on  this 
day  has  been  to  bring  into  the  active  circulation  every  available  cell. 
The  situation  is  comparable  with  that  seen  on  immediate  exposure  to 
low  barometric  pressure  when  polycythemia  occurs  at  once  and 
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expresses  the  full  cell  count  of  the  animal  at  the  moment.  Later 
there  is  a  formative  polycythemia  with  the  reestablishment  of  a 
reserve  of  red  cells.  In  the  same  way,  with  the  speeding  up  of  the 
circulation  which  occurs  immediately  following  hemorrhage  and  in- 
fusion, every  available  cell  begins  to  circulate  actively.  The  situation 
is  exactly  the  one  presented  by  exercise,  and  we  designate  the  minor 
increases  in  nucleated  red  cells  occurring  after  exercise  and  immediately 
after  hemorrhage  and  infusion  as  pseudocrises.  These  pseudocrises 
do  not  foretell  rapid  regeneration  and  it  is  even  doubtful  in  our  minds 
whether  the  cells  found  in  them  really  leave  the  marrow  pulp.  They 
are  more  probably  in  the  circulation  when  the  hemorrhage  occurs. 

Other  examples  of  the  pseudocrisis  are  seen  in  Text-fig.  1,  Dog  3, 
March  14  and  29.  In  these  two  instances  the  increases  are  less  than 
on  February  2  and  they  are  preceded  by  periods  of  low  normoblast 
content,  while  that  of  the  earlier  date  is  the  result  of  hemorrhage 
just  at  the  termination  of  an  extremely  large,  true  formative  crisis. 
Even  in  the  presence  of  the  most  advanced  hyperplasia,  evidenced  by 
autopsy,  the  immediate  effect  of  blood  dilution  and  increased  blood 
flow  through  the  blood-forming  organs  is  not  to  dislocate  normo- 
blasts but  only  to  give  a  truer  picture  of  the  vascular  content  of  these 
cells  at  the  time  of  the  operation. 

True  crises  are  easily  recognized  on  the  charts  and  their  relation 
to  red  cell  regeneration  is  obvious.  They  occur  and  disappear  with 
great  rapidity.  This  is  particularly  conspicuous  in  Text-fig.  3, 
Dog.  1.  The  first  true  crisis  here  begins  on  March  21  and  ends  on 
the  23rd;  the  second  crisis,  beginning  April  13,  lasts  3  days,  in  the  first 
two  of  which  the  normoblasts  increase  from  434  to  8,210  per  c.mm. 
It  is  plain  that  the  crisis  is  always  related  to  a  favorable  event,  namely 
active  red  ceO  regeneration,  but  it  is  equally  plain  that  the  true 
formative  crisis  is  not  a  necessary  accompaniment  of  regeneration. 
Indeed,  the  transiency  of  the  phenomenon,  coupled  with  the  fact  that 
as  animals  are  bled  repeatedly  they  lose  the  tendency  to  show  crises, 
emphasizes  most  strongly  the  fact  that  every  effort  is  made  to  avoid 
this  loss  of  nucleated  red  cells  into  the  general  circulation.  A  crisis 
usually  occurs  after  the  second  hemorrhage.  In  the  three  charts 
presented  this  is  marked.  In  two  cases.  Text-figs.  2  and  3,  the  crisis 
is  largest  after  the  third   hemorrhage  and  then,  with  regeneration 


MR^ 


Cells 
Nucleated 
Red  Cells 
40OO 
39 
38 
2.7 
% 
35 
34 
33 


27 
Zi 
25 
24 
23 
II 
l\ 

White   18 

Cells    !| 

60P0O  19 

48       12 


CXI 

-  p- 


4P0O    100 
0      0 


i"""""'i  I  111'""""' 1 1  Mil  II  rrm 


CP 


03 


1^^ UIH  will  III  I  I |H,i I IIITTTTrilll |n,|,|||,, 


CP 


i  I  !  I  I  M  I  I  |li||  I  I  I  I  I  1  ■  I  I  I  I  I  I  I  I  I  II  I  I  I  II  II    'I  I  I  I  I  II  I  I  I  I 


CD 


O) 


fed  Cells _ 

White  Cells DOG  3 

Nucleated  Red  Cells— January  5  to  Juno  10 


5 — 610_16 KZZai    ^.ji      ,112141721    23    25  Z?  1234567  10  12     4     16  18  2022  24  26  28     30  ':  M  6  8  10  12  14   16    182022  242628M1  Z  3  5  7  9  11  1515  17  19  2Ui»n^9  ailZkse  8  10 


Ikxt-Fio.  1.  Graphic  picture  of  the  daily  red  cell,  wliili  nil,  md  nucleated  red  cell  counts  of  Dog  3  during  a  period  of  5  months,  showing  the  immediate  and  subsequent  effects  of  nine  hcmnrrliages.  Theordi- 
iialcs  represent  cells  per  c.nim.  of  blood;  the  abscissa:  rcpriMru  days  of  the  month.  When  a  number  of  observations  were  made  on  the  same  day  immediately  following  a  hemorrhage  and  inluscon,  they  are  in- 
liiMtcJ  by  short  vertical  upstrokes  on  the  line  of  the  abs ;  ^.x  included  between  two  long  upstrokes,  which  indicate  the  first  and  the  last  observation  of  the  day.  Single  daily  gbservaiions  ire  indicated  by 
■-inslc  long  upstrokes  on  Ihe  line  of  the  abscissae. 

Contrast  the  pseudocriscs  of  blasts  immediately  foll»«  "'^  hemorrhage  and  infusion  with  the  true  blast  crises  ocairring  during  active  red  cell  regeneration.  Note  the  gradual  devclopincnl  of  the  ability  to 
icRenerate  without  crises  and  the  steadily  increasing  overrti. Mraiion  of  red  cells  as  the  hemorrhages  continue. 
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I  EXT-Fic.  2.    Curve  of  the  daily  red  cell,  white  cell,  and  uucleated  red  cell  counts  of  Dog  4  during  a  period  of  4  months,  showing  'e  immediate  and  subsequent  effecis  of 
Aen  hemorrliages.    The  same  features  in  the  curve  are  to  be  iio;cd  as  in  Teit-fig.  1.    The  initial  high  red  cell  count  is  probably  due      ■  fright  polycythemia. 
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occurring  rhythmically  and  rapidly  after  succeeding  hemorrhages, 
there  is  a  progressive  decrease  in  the  size  of  the  crises.  This  gradual 
acquirement  of  a  power  to  hold  nucleated  red  cells  in  the  face  of 
rhythmic  blood  loss  is  an  adaptation  which  might  be  expected.  While 
dogs  frequently  show  many  nucleated  red  cells  in  the  peripheral  blood 
and  in  this  case  usually  display  the  largest  crisis  after  the  first  hemor- 
rhage, they  invariably  begin  to  regenerate  without  crises  as  bleedings 
are  continued.  It  is  unfortunate  that  in  our  experiments  the  hemo- 
globin content  was  not  followed  in  relation  to  this  phenomenon, 
since  the  failure  of  hemoglobin  regeneration  at  a  rate  comparable  with 
cellular  regeneration  must  produce  a  considerable  color  anemia  in 
animals  treated  as  these  have  been.  The  presence  of  a  low  hemoglobin 
has,  however,  had  no  effect  on  the  rate  of  cell  regeneration,  and  we 
may  mention  the  fact  that  Xeudorfer  (10),  one  of  the  first  to  describe 
normoblast  crises,  observed  them  in  cases  of  chlorosis. 

A  further  question  which  naturally  arises  in  relation  to  these  sudden 
floods  of  nucleated  red  cells  is:  What  is  their  fate?  They  disappear 
as  quickly  as  they  appear.  As  far  as  we  know,  their  fate  is  entirely 
unexplained.  Zimtz  and  his  associates  (11)  believe  that  they  are 
destroyed  if  present  freely  in  the  blood  stream,  but  do  not  explain 
how.  Our  own  observations,  in  which  we  have  seen  them  resist  the 
pounding  of  a  mechanical  glass  perfusion  pump  through  many  hours 
without  reduction  in  number,  lead  us  to  believe  that  they  are  as 
resistant  to  trauma  as  are  non-nucleated  cells. 

Concomitant  Behavior  of  Red  and  of  White  Cells. 

Those  who  have  watched  blood  regeneration  closely  have  been 
impressed  with  a  tendency  towards  simultaneous  movement  of  red 
and  of  white  cells  from  the  marrow.  A  high,  sudden  leukocytosis, 
polymorphonuclear  in  character,  is  frequently  accompanied  by  a 
few  nucleated  red  cells.  Hough  and  Waddell  (12)  in  studies  of 
regeneration  from  single  large  hemorrhages  in  dogs  state: 

"Each  rise  in  the  erythrocyte  count  is  accompanied  by  a  distinct  rise  in  the 
leucocyte  count  either  on  the  same  or  the  preceding  day.  It  is  believed  that,  in 
general,  when  other  causes  of  leucocytosis  are  controlled  or  absent,  the  leucocyte 
count  may  be  taken  as  an  indication  of  the  degree  of  activity  of  the  blood  forming 
organs." 
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They  do  not  report  upon  stained  films,  however,  and  have  evidently 
observed  increases  in  leukocyte  count  such  as  frequently  accompany 
or  just  precede  blast  crises  in  our  experiments.  In  the  case  of  Dog  3, 
Text-fig.  1,  the  curves  of  nucleated  red  cells  and  leukocytes  follow 
one  another  closely.  Dog  4,  Text-fig.  2,  also  shows  increases  in  leuko- 
cyte count  just  before  or  with  the  blast  crises  of  March  1  and  21 
and  April  9.  However,  during  the  period  from  April  12  to  June  6,  in 
which  three  large  hemorrhages  are  given  and  recovered  from,  there 
are  no  normoblast  crises,  and  with  one  exception  no  marked  leuko- 
cytoses except  those  immediately  after  the  hemorrhages.  On  April 
24,  25,  and  26  a  definite  leukocytosis  occurs,  caused  by  a  localized 
abscess  in  the  neck  wound  made  in  the  bleeding  on  April  17.  The  white 
cells  in  this  case  have  appeared  in  increased  numbers  and  indepen- 
dently of  normoblasts.  Dog  1,  Text-fig.  3,  shows  insignificant  leuko- 
cytic increases  with  the  blast  crises,  but  nothing  which  alone  would 
be  significant  as  pointing  to  a  regenerative  tendency  except  possibly 
the  leukocytosis  beginning  on  April  13  and  ending  on  the  15th.  We 
may  therefore  agree  with  Hough  and  Waddell  in  feeling  that  a  sudden 
and  unaccountable  leukocytosis  may  foretell  rapid  regeneration,  but 
the  reaction  by  no  means  always  occurs  before  regeneration.  Indeed, 
a  tendency  to  avoid  leukocytosis  in  the  typical  crisis  position  in  the 
blood  regeneration  curve  occurs  as  marrow  hyperplasia  advances. 
That  the  animals  are  well  supplied  with  leukocytes  is  indicated  by 
the  vigorous  posthemorrhagic  leukocytoses  which  are  seen  to  follow 
the  hemorrhages  throughout  the  entire  course  of  the  observations,  and 
also  from  the  readiness  of  development  of  the  infectious  leukocytosis 
in  Dog  4. 

Lastly,  we  should  mention  briefly  posthemorrhagic  leukocytosis. 
We  have  been  impressed  by  the  reliability  and  the  extreme  rapidity 
with  which  this  reaction  comes  on.  We  have  frequently  seen  the 
white  count  double  in  2  hours.  This  is  not  a  change  in  distribution 
of  the  white  cells,  since  we  have  foimd  the  increase  in  specimens  taken 
at  the  same  time  from  heart,  vein,  and  capillary  blood.  It  is  a  real 
increase  in  the  number  of  circulating  white  cells,  and  emphasizes 
the  fact  that  the  marrow  is  a  reservoir  of  leukocytes  in  contrast  to 
its  relation  to  the  red  cells.  Adult  red  cells  are  extruded  minute  by 
minute  as  fast  as  they  are  formed,  and  there  is  every  tendency  to 
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Text-Fig.  3.  Curve  of  the  daily  red  cell,  white  cell,  and  nucleated  red  cell  counts  of  D^g  1  during  a  period  of  3  months,  showing 
ihe  immediate  and  subsequent  effects  of  six  hemorrhages.  Owing  to  the  extremely  large  \.n\<-  blast  crises  which  occurred  in  this  animal 
I  he  scale  used  in  indicating  the  number  of  normoblasts  is  one-half  the  scale  used  for  Dogs  ^  and  4.  The  chief  features  in  this  curve 
.ire  Ihe  same  as  those  in  Text-figs.  1  and  2. 
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resist  undue  haste  in  extrusion,  as  shown  by  the  increasing  power  to 
hold  nucleated  cells  which  develops  after  a  certain  number  of  hemor- 
rhages. But  the  marrow  has  an  emergency  fimction  in  relation  to 
the  leukocytes,  a  capacity  to  discharge  the  cells  independently  and 
rapidly,  at  times  when  many  normoblasts  are  present,  and  under  the 
influence  of  a  procedure — hemorrhage — which  brings  about  gradual 
increase  in  red  cell  counts. 

Numeriail  Overregeneration  of  Red  Cells  and  Influence  of  Repealed 
Hemorrhages  on  Rale  of  Regeneration. 

Boycott  and  Douglas  (8)  have  shown  that  after  repeated  bleedings 
m  rabbits  the  rate  of  regeneration  of  hemoglobin  becomes  much  greater 
than  after  a  single  hemorrhage,  and  that  overregeneration  occurs 
after  single  and  multiple  hemorrhages.  The  phenomenon  of  over- 
regeneration  of  cells  appears  in  our  experiments.  The  high  points 
in  the  curves  become  higher  and  higher  as  one  passes  to  the  right  across 
the  charts.  This  is  particularly  well  seen  in  Dog  3,  but  in  our  opinion 
is  equally  true  of  Dog  4.  The  initial  high  red  cell  count  in  the  latter 
animal  was  probably  a  fright  polycythemia  such  as  has  been  described 
by  Lamson  (13).  The  final  regeneration  after  the  bleeding  was 
interrupted  on  June  6  by  the  utilization  of  this  dog  in  a  marrow 
perfusion  experiment.  Were  it  not  for  the  fact  that  Boycott  and 
Douglas  have  shown  that  there  is  a  needless  overregeneration  of  hemo- 
globin after  hemorrhage,  one  might  think  that  the  polycythemic  tend- 
ency which  the  repeatedly  bled  animals  have  shown  was  certainly  due 
to  the  lag  in  hemoglobin  formation,  a  multiplicity  of  cells  carrying 
small  amounts  of  hemoglobin  taking  the  place  of  fewer  cells  better 
suppKed.  We  followed  this  posthemorrhagic  polycythemia  for  2 
months  after  the  last  bleeding  in  one  animal,  No.  2,  upon  whom,  after 
six  hemorrhages,  all  bleedings  were  discontinued.  The  red  cell  count 
at  the  end  of  this  time  was  9,336,000  cells  per  c.mni.  This  persistent 
polycythemia  after  repeated  hemorrhages  is  comparable  with  the 
slow  disappearance  of  the  polycythemia  of  low  barometric  pressure. 
Apparently  marrow  hyperplasia  once  established  resists  disestablish- 
ment to  a  marked  degree. 

In  considering  the  tendency  to  regenerate  without  crises,  an  adapta- 
tion of  great  interest,  we  have  not  met  the  criticism  that  such  a  process 
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may  be  due  to  marrow  exhaustion.  In  all  three  animals  whose  records 
are  given,  autopsy  with  subsequent  histological  examination  of  the 
marrow  disclosed  marked  hyperplasia,  extension  of  erythrocyte- 
bearing  marrow  into  the  shafts  of  the  long  bones,  and  many  islands  of 
erythroblastic  activity.  Further,  if  one  takes  6,000,000  cells  per 
c.mm.  as  the  normal  red  cell  count  of  these  animals,  it  is  seen  that 
regeneration  to  this  level  takes  place  in  almost  the  same  length  of  time 
throughout  the  entire  series  of  bleedings.  It  is  noteworthy  that 
there  is  no  significant  increase  in  speed  of  regeneration  as  marrow 
hyperplasia  advances,  but  that  at  the  same  time  there  is  no  lag  in 
red  cell  formation.  It  has  not  been  possible  to  confirm  the  work  of 
Boycott  and  Douglas  (8)  on  increased  speed  of  hemoglobin  regenera- 
tion by  an  analogous  increase  in  speed  of  red  cell  regeneration.  We 
have  shown  that  after  successive  hemorrhages  regeneration  is  not 
delayed,  that  the  process  apparently  becomes  more  orderly  as  evi- 
denced by  the  failure  to  find  normoblasts  in  the  peripheral  blood,  and 
ultimately  reaches  an  abnormal  height.  Boycott  (14)  notes  the  fact 
that  young  rats  and  rabbits  with  hj'perplastic  marrow  do  not  extrude 
nucleated  red  cells  after  hemorrhage  as  do  adults.  Our  experiments 
with  dogs  do  not  entirely  verify  this  since  one  of  our  animals.  No.  1, 
a  pup  weighing  5.2  kilos  when  first  obtained  and  8.6  kilos  at  death 
2|  months  later,  showed  large  crises  of  normoblasts  when  first  bled 
and  passed  into  the  state  of  regenerating  without  crises  in  much  the 
same  manner  as  did  the  adult  dogs. 

CONCLUSIONS. 

1.  Hemorrhage  with  immediate  saline  infusion  causes  the  appear- 
ance in  the  peripheral  blood  of  a  slightly  increased  number  of  normo- 
blasts provided  normoblasts  are  already  present  in  the  blood  stream. 
Marrow  hyperplasia  does  not  intensify  this  reaction  and  the  cells 
found  probably  do  not  leave  the  marrow  pulp  but  are  in  the  blood 
stream  at  the  time  of  the  experiment. 

2.  The  slight  increase  in  cells  occurring  immediately  after  hemor- 
rhage and  infusion  is  designated  a  pseudocrisis.  True  crises  are  much 
more  extensive;  they  tend  to  occur  just  before  rapid  increase  in  the 
erythrocyte  count  and  usually  towards  the  end  of  the  1st  week  fol- 
lowing hemorrhage. 
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3.  Red  cells  and  white  cells  tend  to  move  from  the  marrow  together, 
but  this  association  is  not  invariable. 

4.  After  repeated  hemorrhages  regeneration  occurs  independently 
of  the  appearance  of  nucleated  red  cells  in  the  peripheral  blood. 

5.  Repeated  hemorrhages  associated  with  extension  of  erythrocyte- 
producing  marrow  lead  to  polycythemia  but  not  to  a  conspicuous 
increase  in  speed  of  regeneration. 
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The  experiments  which  are  described  in  this  paper  were  under- 
taken with  the  idea  of  determining  the  morphological  changes  which 
might  be  found  in  the  tissues  of  animals  subjected  to  the  change  of  a 
single  factor  in  their  chemical  environment.  For  this  purpose  two 
series  of  experiments  have  been  carried  out.  In  one,  a  decrease  in 
oxygen  of  the  respired  air  has  been  the  sole  factor  of  change.  In  the 
other,  the  change  has  been  an  increase  in  the  carbon  dioxide  of  the 
air  with  other  factors  kept  as  a  constant. 

In  considering  the  results  of  the  two  series  it  would  seem  reasonable 
to  assume  that  we  are  dealing  with  results,  direct  or  indirect,  in  one 
case  of  a  reduced  oxygen  supply  to  the  cells  of  the  body,  and  in  the 
other  of  an  increased  carbon  dioxide  content  of  the  fluids  and  tissues 
of  the  body.  The  assumption,  however,  that  the  morphological 
changes  found  could  be  produced  in  no  other  way  is  not  made.  Death 
of  a  cell  may,  for  example,  be  produced  by  anemia,  or  by  bacterial 
toxins.  A  finer  analysis  might,  however,  show  that  in  both  instances 
a  reduction  of  vital  oxidation  was  the  cause  of  the  lesion;  on  the  one 
hand  through  oxygen  starvation,  on  the  other  through  failure  to  util- 
ize oxygen  by  interference  with  the  cellular  oxidases  by  the  toxin. 
It  is  our  opinion,  then,  that  oxygen  deficiency  should  at  least  receive 
consideration  as  a  cause,  in  interpreting  lesions  similar  to  those  we 
shall  describe  in  the  animals  subjected  to  low  oxygen  tension. 

EXPERIMENTAL. 

In  carrying  out  the  experiments  we  have  used  the  respiration 
chamber  described  by  KoUs  and  Loevenhart.' 

'  Kolls,  A.  C,  and  Loevenhart,  h.  S.,  Am.  J.  Physiol.,  1915-16,  .\x.\i.\,  67. 
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In  the  first  set  of  experiments  ten  rabbits  varying  from  young  to 
full  grown  were  used  (Table  I).  The  duration  of  the  experiments, 
in  which  the  animals  were  exposed  to  low  oxygen  tensions,  was  7,  10, 
and  4  days  respectively.     The  animals  were  removed  from  the  cham- 

TABLE    I. 

Oxygen  Rabbits. 


Animal  No. 

Weight. 

Oi 

CO, 

Before 
experiment. 

After 
experiment. 

Loss. 

Minimum. 

Average . 

Maximum. 

Average. 

sm. 

gm. 

gm. 

per  cent 

per  cent 

per  cent 

per  cent 

1 

2,100 

1,820 

280 

4.78 

7.74 

0.80 

0.25 

4 

9.S0 

820 

130 

4.78 

7.74 

0.80 

0.25 

9 

1,900 

1,380 

520 

3.,^8 

7.21 

0.30 

0.23 

10 

940 

720 

220 

3.58 

7.21 

0.30 

0.23 

11 

1,320 

1,000 

320 

3.58 

7.21 

0.30 

0.23 

12 

2,080 

1,700 

380 

3.58 

7.21 

0.30 

0.23 

13 

1,300 

987 

313 

5.47 

7.33 

0.20 

0.20 

14 

1,660 

1,419 

241 

5.47 

7.33 

0.20 

0.20 

15 

760 

Died. 

5.47 

7.98 

0.20 

0.20 

16 

1,680 

" 

5.47 

7.98 

0.20 

0.20 

Lengtli  of  exposure  to  different  O3  tensions.* 

Duration  of  experiment. 

No. 

12-10  % 
Ch. 

10-8% 
0:. 

8-6% 
(h. 

Undei  6% 
0:. 

Total. 

hrs. 

hrs. 

hrs. 

hrs. 

hrs. 

1915 

1 

19.0 

37.5 

64.5 

35.0 

156.0 

Oct.   18-25 

4 

19.0 

37.5 

64.5 

35.0 

156.0 

'■     18-25 

9 

11. 50 

86.25 

73.0 

60.50 

231.25 

Nov.  8-18 

10 

11.50 

86.25 

73.0 

60.50 

231.25 

"      8-18 

11 

11. .SO 

86.25 

73.0 

60. 50 

231.25 

"      8-18 

12 

1 1 .  50 

86.25 

73.0 

60. SO 

231.25 

"      8-18 

13 

18.00 

70.5 

8.00 

96.50 

"    23-26 

14 

18.00 

70.5 

8.00 

96.50 

"    23-26 

15 

1.00 

9.00 

2.00 

12.00 

"    23 

16 

1.00 

8.50 

2.00 

11.50 

"     23 

*  Only  O2  tensions  under  12  per  cent  are  considered. 

ber  not  more  than  once  during  the  progress  of  the  experiment  and 
then  only  during  the  time  the  chamber  was  being  cleaned  (about  an 
hour).  The  number  of  hours  during  which  the  rabbits  were  subjected 
to  dififerent  tensions  of  oxygen  and  carbon  dioxide  together  with  the 
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average  tensions  of  the  gases  is  recorded  in  Tables  I  and  II.  The 
carbon  dioxide  determinations  were  made  with  Haldane's  portable 
apparatus  for  the  analysis  of  mine  gases.  The  oxygen  determina- 
tions were  made  with  a  Hempel  phosphorus  pipette.  At  the  termina- 
tion of  the  experiments  the  animals  were  killed  and  immediately 
autopsied.  The  tissues  were  preserved  in  formalin,  Zenker's  solution, 
and  95  per  cent  alcohol.  All  the  rabbits  were  weighed  before  they 
were  put  into  the  chamber  and  immediately  before  they  were  killed. 
A  portion  of  the  record  of  an  experiment  is  given  here. 

Experiment  I.     Reduced  Oxygen. — Nov.  8,  1915. 
Rabbit  9,  white,  male;  weight  1,900  gm. 
Rabbit  10,  black,  female;  weight  940  gm. 
Rabbit  11,  speckled,  male;  weight  1,320  gm. 
Rabbit  12,  brown,  male;  weight  2,080  gm. 

2.55  p.m.  Experiment  started.  Burned  hydrogen  flame  in  thebo.x  to  reduceoxy- 
gen  rapidly,  and  started  pump.     .\11  the  animals  were  eating  and  seemed  normal. 
3.25  p.m.     Rabbits  becoming  drowsy  and  slightly  dyspneic. 
3.30  p.m.     O2  =  9.61  per  cent. 
3.37  p.m.     H  turned  off  and  O2  turned  on. 

3.45  p.m.     O2  =  9.06  per  cent.     Animals  becoming  more  dyspneic  and  drowsy. 
No.  10  seems  to  be  most  affected.     Nos.  11  and  12  eating  again. 

4.15  p.m.     O2  =  9.11  per  cent.    Readjusted  control  for  O2  intake.    Turned  Oj 
cup  down  slightly. 

5.00  p.m.     CO2  =  0.25  per  cent. 

5.15  p.m.     O2  =  9.01  per;:ent. 

7.15  p.m.     O2  =  8.47  per  cent,     .\nimals  seem  to  be  sleeping. 

8.05  p.m.     O2  =  8.26  per  cent.     Readjusted  O2  intake. 
10.40p.m.     O2  =  8.65  percent. 

Nov.  9,  8.30  a.m.     O2  =  9.28  per  cent.     Readjusted  O2  intake.     CO2  =  0.30 
per  cent.    Animals  seem  to  be  in  good  condition.     Changed  belt  on  motor. 

8.50  a.m.     Relative  humidity  58  per  cent. 

9.00  a.m.     O2  off.     The  animals  have  been  eating. 

9.30  a.m.     O2  =  8.3  per  cent. 
11.50  a.m.     O2  =  6.16  per  cent,     .\nimals  becoming  very  dyspneic. 

1.05  p.m.     O2  on. 

4.00  p.m.     O2  =  5.46  per  cent.     Readjusted  O2  intake. 

4.05  p.m.     CO2  =  0.20  per  cent. 

4.15  p.m.     Relative  humidity  48  per  cent.     Drew  off  sulfuric  acid. 

7.00  p.m.    O2  =  7.12  per  cent. 

7.30  p.m.     CO2  =  0.25  per  cent. 

8.45  p.m.    0-2  =  7.93  per  cent. 

The  general  data  of  the  experiments  are  given  in  Tables  I  and  II. 
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The  symptoms  manifested  by  the  animals  under  different  low 
oxygen  tensions  were  constant  in  each  series  of  experiments.  When 
the  oxygen  was  reduced  to  between  10  and  12  per  cent,  the  rabbits 
became  drowsy  and  shghtly  dyspneic.  As  the  oxygen  tension  was 
reduced  further,  the  dyspnea  became  more  pronounced  and  was  often 
accompanied  by  a  swaying  of  the  animal  from  side  to  side.  When 
the  tension  was  reduced  below  7  per  cent,  the  animals  refused  to 
eat  or  drink.  Below  6  per  cent  oxygen,  peculiar  chewing  movements 
were  noticed.  The  movements  of  the  rabbits  became  uncertain  and 
it  was  difficult  for  them  to  retain  the  normal  sitting  posture.  In- 
abihty  to  use  the  hind  legs  was  noted  in  nearly  all  the  rabbits.  A 
characteristic  symptom  was  the  position  of  the  head,  which  was 
thrown  far  back,  possibly  in  an  effort  to  make  the  act  of  breathing 
easier.  One  rabbit  became  paralyzed  and  appeared  about  to  develop 
convTilsions,  when  it  was  removed  from  the  chamber.  It  recovered 
completely  after  a  few  minutes  in  normal  atmosphere,  but  when  put 
back  into  the  chamber,  the  s^-mptoms  returned  and  the  animal  was 
discarded. 

It  is  e\'ident  that  three  factors  must  be  taken  into  account  in  inter- 
preting the  lesions:  the  low  oxygen  tension,  the  increased  cardio- 
respiratory activity,  and  the  lessened  intake  of  food.  The  consistent 
loss  of  weight  by  all  the  animals  indicates  clearly  that  although  the 
animals  are  not  active  in  the  cage,  the  inta,ke  of  food  is  not  sufficient 
for  their  vital  demands.  The  general  behavior  of  the  animals  indi- 
cates further  that  the  compensatory  effects,  by  the  cardiorespiratory 
and  hematopoietic  systems,  are  not  adequate  to  meet  the  severe 
demand  made  by  the  low  percentage  of  oxygen  which  was  maintained 
•  throughout  the  series  of  experiments. 

The  lesions  of  the  animals  at  postmortem  examination  show  the 
slight  degree  of  change  found  in  the  various  tissues.  While  the 
anunals  vary  in  the  susceptibility  of  the  different  organs  to  oxj-gen 
deficiency  there  is  a  striking  uniformity  in  the  general  picture.  A 
single  postmortem  protocol  may  therefore  suffice. 

Rabbit  i.— Male;  weight  1,820  gm.    KiUed  Oct.  25,  1915. 

Subcutaneous,  mesenteric,  and  retroperitoneal  tissues  practically  free  from  fat. 
Serous  cavities  free  from  excess  of  fluid. 

IfeaH. — Large  and  pale.  Left  ventricle  5  mm.  thick;  right  ventricle  1.5  mm. 
Muscle  is  uniformily  pale  on  section. 
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Liaigs. — Left :  Pale  and  air-containing  throughout  and  exudes  a  small  amount 
of  frothy  serum  from  the  lower  lobe  upon  pressure.  There  are  several  punctate 
hemorrhages  in  the  lower  lobe.  The  border  of  the  lung  is  slightly  emphysematous. 
Right:  Similar  to  left  and  also  shows  two  small  hemorrhages. 

Spleen. — Measures  57  by  13  by  5  mm.;  is  of  a  deep  purplish  color  and  has  a 
pitied  and  wrinkled  surface.  On  section,  the  Malpighian  corpuscles  are  of  nor- 
mal size.     The  pulp  is  increased  in  amount  and  is  quite  firm. 

Liver. — Weight  59  gm.  The  capsular  and  cut  surface  are  uniformly  and  finely 
mottled,  due  apparently  to  a  dark  appearance  of  the  center  and  a  light  opaque 
appearance  of  the  periphery'  of  the  lobule.  The  gall  bladder  is  filled  with  dark 
green  bile. 

Kidneys. — Left:  Measures  35  by  21  by  IS  mm.  Capsule  is  not  adherent. 
The  surface  of  the  kidney  has  a  uniform  grayish  pink  color,  which  also  character- 
izes the  cortex  on  section.  The  medulla  is  paler.  The  cortex  measures  4  mm. 
in  thickness  and  has  a  regular  striation.  Right:  Measures  34  by  22  by  12  mm. 
and  resembles  the  left  in  every  detail. 

Adrenals. — Left:  Measures  9  by  7  by  2  mm.  On  section,  cortex  measures  1 
mm.  in  thickness.  Medulla  is  linear  and  about  0.5  mm.  in  width.  Right: 
Measures  10  by  7  by  2  mm.  and  is  similar  to  left  on  section. 

Pancreas. — Appears  normal. 

Aorta. — Intima  is  slightly  opaque  and  appears  thickened. 

Thyroid. — Small  and  pale.     External  parathyroids  small. 

Botie  Marrow. — From  center  of  femur  is  of  a  deep  opaque  grayish  red  color, 
fairly  firm,  and  gives  no  gross  evidence  of  adipose  tissue. 

Brain  and  Cord. — No  abnormality  evident. 

The  tissues  were  fixed  in  Zenker's  fluid,  in  10  per  cent  formalin,  and  in  alcohol. 

Microscopic  Examination . — 

Heart. — Blood  and  lymph  vessels  throughout  the  section  are  distended  and 
there  is  some  edema  of  the  tissues.  The  muscle  fibers  throughout  are  swollen, 
granular,  and  vacuolated,  but  the  lesion  becomes  extreme  only  in  the  inner  third 
of  the  heart  wall.  Here  the  fibers  on  cross-section  appear  to  have  but  a  single 
peripheral  row  of  sarcostyles  about  a  vacuole  which  contains  a  granular  precipitate 
and  in  some  cases  is  crossed  by  delicate  fibrils.  On  longitudinal  section  the  fibers 
are  extremely  thin  but  show  the  cross-striation.  Many  of  the  fibers  show  hyaline 
masses  which  extend  usually  across  the  width  of  the  fiber  but  in  some  cases  appear 
spherical  and  of  a  diameter  less  than  that  of  the  fiber  itself.  These  hyaline 
masses  occur  both  at  tJie  ends  of  the  cells  and  at  intervening  points.  The  nuclei 
of  the  fibers  stain  sharply  but  appear  somewhat  shrunken.  No  fat  is  shown 
by  osmic  acid  staining. 

Lung. — The  vessels  are  congested.  The  subpleural  air  spaces  are  excessively 
dilated  and  their  walls  appear  thin.  There  are  scattered  minute  alveolar  hemor- 
rhages, of  antemortem  occurrence  as  shown  by  the  presence  of  occasional  phago- 
cytes containing  red  blood  cells.  There  is  slight  edema.  The  lymphoid  tissue  is 
hyperplastic. 
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Spleen. — There  is  some  hyperplasia  of  Malpighian  corpuscles  and  of  pulp 
cells  as  shown  by  mitotic  figures.  Both  the  pulp  and  its  sinuses  are  distended 
with  cells,  chiefly  red  blood  cells,  although  numerous  polymorphonuclear  leuko- 
cytes are  found  in  the  pulp.  There  are  scattered  nucleated  red  cells  in  the  pulp, 
and  in  the  sinuses  are  numerous  groups  of  nucleated  red  cells  of  all  sizes  from  me- 
galoblast  to  normoblast,  resembling  the  erythrogenic  groups  of  the  marrow. 

Liver. — There  is  a  general  congestion  of  the  vessels.  The  liver  cells  are  most 
normal  in  the  peripheral  zone  and  next  to  the  portal  spaces.  Here  the  cells  are 
swollen  and  granular,  with  a  tendency  to  a  separation  of  the  granules  by  ill  de- 
fined clear  spaces.  Practically  every  cell  has  two  nuclei.  .\s  one  approaches  the 
central  vein,  there  is  a  tendency  for  the  swollen  ceO  to  appear  paler,  to  show  a 
greater  clear  area  crossed  by  an  irregular  protoplasmic  reticulum,  with  scattered 
granulejs.  In  some  parts  of  the  liver  clear-cut  small  fat  vacuoles  are  found  in  the 
ceDs  of  the  middle  zone.  In  most  of  the  sections  the  central  zone  shows  necrosis 
of  the  liver  cells  and  invasion  by  poljmiorphonuclear  leukocytes.  These  areas  of 
necrosis  e.xtend  from  central  vein  to  central  vein,  about  the  periphery  of  the 
secretory  lobule. 

Kidney. — The  vessels  are  congested.  The  cells  of  the  cortical  tubules  are,  in 
general,  swollen  until  the  tubular  lumen  is  practically  obhterated.  The  cells 
are  granular  but  paler  than  normally.  The  granules  appear  to  be  separated  from 
one  another  by  serum.  The  lesion  varies  in  the  different  cells  from  this  condition 
to  one  in  which  the  entire  cell  appears  to  consist  of  a  nucleus  and  a  vacuole  sur- 
rounded by  a  cell  membrane.  In  some  cells  the  vacuole  shows  an  irregular  retic- 
ulum of  protein  material.  The  lesion  appears  most  marked  in  the  subcapsular 
region.  Some  of  the  tubules  show  a  granular  precipitate  in  the  lumen  and  here 
and  there  a  hyaline  droplet  is  seen.     There  is  no  definite  cast  formation. 

Bone  Marrmv. — The  blood  vessels  are  widely  dilated  and  engorged  with  red 
cells.  The  marrow  spaces  are  practically  free  from  adipose  tissue  cells.  The 
spaces  are  occupied  by  regular  groups  of  nucleated  red  blood  cells  and  by  groups 
of  myelocytes  and  leukocytes.    The  erythrocyte-producing  centers  predominate. 

Aorta. — The  muscle  cells  of  the  media  are  swollen  and  show  a  poorly  defined 
vacuole  about  the  nucleus. 

Thyroid. — The  alveoli  of  the  thyroid  are  relatively  small.  The  larger  are 
filled  with  colloid,  but  there  are  many  smaller  alveoli  devoid  of  coUoid  and  prac- 
tically without  lumen. 

Testicle. — There  are  few  mature  spermatozoa  in  the  lumina.  The  germ  cells 
appear  to  be  vacuolated  and  in  some  pJaces  have  pyknotic  nuclei. 

To  summarize,  the  lesions  found  in  the  rabbit  are:  marked  hyper- 
plasia of  the  bone  marrow;  extramedullary  (splenic)  production  of 
red  cells;  degenerative  lesions  of  parenchymatous  cells  of  the  nature 
of  a  diminution  of  cell  protoplasm  with  increase  of  serum  (hydropic  or 
vacuolar  degeneration  or  serous  imbibition) ;  necrosis  of  parenchymat- 
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ous  elements  in  some  organs,  especially  the  liver;  hyaline  degeneration 
and  necrosis;  congestion  and  edema  of  organs. 

Rabbit  4,  cage-mate  of  the  animal  described,  showed  practically 
the  same  lesions  with  two  exceptions.  The  liver  was  less  affected 
and  showed  no  central  necrosis,  but  instead  well  marked  serous  im- 
bibition invohang  the  whole  lobule  with  the  exception  of  an  occasional 
cell  close  to  the  portal^space.  The  kidney,  on  the  other  hand,  gave 
evidence  of  a  previous  injur}',  in  the  presence  of  connective  tissue 
scars,  and  appeared  to  be  more  injured  by  the  oxygen  deficiency. 
The  serous  imbibition  was  more  marked,  and  some  disintegration  of 
cells  and  necrosis  existed. 

Rabbits  2  and  3  of  this  7  day  period  were  discarded  as  they  were 
found  to  be  pregnant  when  examined  post  mortem,  although  their 
lesions  agreed  with  those  described. 

In  studying  the  tissues  of  the  rabbits  of  the  4  day  and  10  day  periods, 
similar  lesions  were  found  throughout,  with  but  slight  individual 
variations.  In  the  hearts  of  anunals  of  the  4  day  period  fatty  in- 
filtration was  a  prominent  feature,  and  in  fact  was  more  marked  than 
the  vacuolar  change.  In  the  10  day  animals  visible  fat  was  lacking 
and  the  serous  imbibition  was  the  prominent  lesion.  In  none  of  the 
four  animals,  however,  was  it  as  marked  as  in  those  of  the  7  day  period. 
This  was  interpreted  as  indicating  a  more  complete  though  still  insuffi- 
cient compensation  on  the  part  of  the  blood  and  respiratory  systems. 

A  tendency  to  emphysema  of  the  borders  of  the  lungs  was  noted  in 
practically  all  the  animals,  though  it  was  very  slight  in  Rabbit  11. 
Minute  hemorrhages  and  slight  edema  were  constant.  Hyperplasia 
of  the  lymphoid  tissue  in  the  lungs  was  also  constant.  In  addition, 
in  all  the  animals  that  were  in  the  cages  over  24  hours  a  mononuclear 
cell  invasion  of  the  lung  framework  of  varying  degree  was  present. 

The  livers  uniformly  showed  hydropic  degeneration  of  the  ceUs 
of  the  mid-zone  and  central  zone.  In  addition.  Rabbits  12  and  14 
showed  a  well  marked  central  necrosis,  while  Rabbit  11  showed  a 
fatty  degeneration  in  the  mid-zone  and  a  serous  imbibition  in  the 
central  zone. 

The  kidneys  of  the  series  uniformly  showed  parenchymatous  and 
hydropic  degeneration.  Hydropic  degeneration  was,  however,  very 
slight  in  Rabbit  14,  which  showed  a  well  marked  fatty  degeneration. 
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The  spleens  sho\yed,  in  general,  hyperplasia  of  the  Alalpighian  cor- 
puscles and  congestion  of  the  pulp.  Groups  of  erythroblasts  were 
noted  in  the  pulp  sinuses  in  Rabbits  9  and  11.  Rabbit  13  showed  an 
excessive  amount  of  hemosiderin  in  the  pulp  cells,  a  condition  not  found 
in  the  others  of  the  series. 

The  aortas  of  the  animals  generally  showed  a  serous  vacuolation 
of  the  smooth  muscle  fibers. 

The  bone  marrow  showed  a  marked  hyperplasia  in  all  the  animals 
of  the  7  and  10  day  periods  and  less  marked  in  those  of  the  4  day 
period.  The  erythroblastic  centers  were  especiaDy  hyperplastic,  al- 
though there  was  an  increase  also  in  the  leukogenetic  centers. 

There  was  also  a  general  hjperplastic  condition  of  the  thyroid  gland 
in  all  the  animals,  with  some  variation  in  degree. 

The  lesions  that  we  found  then,  in  animals  subjected  to  low  oxygen 
atmospheres,  may  be  summarized  briefly  as :  (1)  Hyperplastic  changes 
in  the  bone  marrow  and  in  the  thyroid.  (2)  Degenerative  changes, 
with  ultimate  necrosis,  in  the  elements  of  the  heart  and  glandular 
organs.  These  changes  are  parench>-matous  (albuminous) ,  fatty,  and 
serous  (hydropic)  degeneration,  with  some  hyaline  degeneration,  and 
are  most  marked  in  the  organs  at  points  which  are  at  the  greatest 
distance  from  the  blood  supply;  i.e.,  the  central  zone  of  the  liver,  the 
inner  part  of  the  heart  wall. 

Before  discussing  the  interpretation  of  the  changes,  it  seems  best  to 
describe  the  experiments  with  animals  kept  at  normal  oxygen  pressure 
and  increased  carbon  dioxide.  In  this  part  of  the  work  we  have  used 
only  four  rabbits,  as  the  results  were  highly  uniform.  We  find  that 
there  are  certain  similarities  and  differences  as  compared  with  the 
changes  in  animals  subjected  to  diminished  oxygen  supply.  Identical 
precautions  were  observed  in  this  experiment  with  those  in  the  series 
of  reduced  oxidation  experiments  in  that  normal  atmospheric  pressure, 
humidity,  and  temperature  were  maintained.  The  number  of  hours 
during  which  the  animals  were  subjected  to  different  carbon  dioxide 
tensions  is  given  in  Table  II. 

The  symptoms  manifested  by  the  animals  in  the  atmosphere  of 
high  carbon  dioxide  were  not  so  severe  as  those  shown  by  the  animals 
in  the  low  oxygen  atmospheres.  The  dyspnea  was  less  marked,  but 
the  respirations  had  a  peculiar  short  and  jerk}-  character.     Through- 
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out  the  period,  the  animals  ate  and  drank  normally  and  showed  no 
loss  of  muscular  power,  a  condition  contrasted  to  the  first  group 
described. 

In  examining  these  animals  post  mortem  so  little  deviation  from 
the  normal  was  found,  grossly  at  least,  that  it  seems  unnecessary  to 
transcribe  the  protocols  in  detail.     In  fact,  it  would  seem  to  suffice 

TABLE   II. 

Carbon  Dioxide  Rabbits. 


Animal 

Weight. 

0- 

CO. 

No. 

Before 
experiment. 

After 
experiment. 

Loss. 

Minimum. 

Average. 

Maximum. 

Average. 

em. 

gm. 

per  cent 

Per  cent 

per  cent 

per  cent 

5 

2,250 

1,860 

390 

15.50 

22.38 

19.64 

7.44 

6 

1,700 

1,500 

200 

15.50 

22.38 

19.64 

7.44 

7 

1,360 

1,240 

120 

15.50 

22.38 

19.64 

7.44 

8 

2,250 

2,020 

230 

15.50 

22.38 

19.64 

7.44 

Animal 

Length  of  exposure  to  different  CO2  tensions. 

No. 

Under 

1% 

1-4% 

4-6% 

6-8% 

8-10% 

10-12% 

12-14% 

14-16% 

16-18% 

18-20% 

Total. 

hn. 

hrs. 

Arj. 

hrs. 

/;rs. 

hrs. 

hrs. 

hrs. 

hrs. 

hrs. 

hrs. 

5 

4.0 

46.5 

25.0 

25.0 

8  0 

10.0 

2.0 

27,5 

5.5 

7.0 

160.5 

6 

4.0 

46.5 

25.0 

25.0 

8.0 

10.0 

2.0 

27.5 

5.5 

7.0 

160.5 

7 

4.0 

46.5 

25.0 

25.0 

8.0 

10.0 

2.0 

27.5 

5.5 

7.0 

160.5 

8 

4.0 

46.5 

25.0 

25.0 

8.0 

10.0 

2.0 

27.5 

5.5 

7.0 

160.5 

The  duration  of  experiment  on  each  of  the  rabbits  was  from  Oct.  28  to  Nov.  4, 
1915. 

to  point  out  how  they  differ  from  those  of  the  reduced  o.xygen 
series. 

Like  the  latter,  the  carbon  dioxide  animals  lost  weight  and  were 
found  to  have  a  minimum  of  body  fat  at  the  time  of  the  postmortem. 
This  occurred  even  though  during  the  course  of  the  experiment  they 
appeared  to  eat  normally. 

The  hearts  showed  no  abnormality  but  the  blood  in  the  chambers 
was  dark. 

The  lungs  of  the  animals  showed  less  emphysema  of  the  free  borders 


408  REDUCED    OXIDATION 

than  in  the  oxygen  rabbits.  Slight  emphysema  was  noted  in  Nos.  7 
and  8,  none  in  Nos.  5  and  6. 

The  spleens  of  the  animals  showed  a  reduced  amount  of  pulp  which 
was  also  pale  in  contrast  to  the  congested  dark  red  pulp  of  the  animals 
of  the  oxygen  series. 

The  livers  were  of  uniform  color  upon  section  and  showed  none  of 
the  fine  mottling  characteristic  of  the  animals  of  the  previous  series, 
with  the  exception  of  Rabbit  7,  which  showed  lobules  with  dark  cen- 
ter and  light  periphery. 

The  kidneys  were  similar  in  appearance  to  those  of  the  oxygen 
rabbits.     Rabbit  5  showed  many  depressed  cortical  scars. 

The  most  striking  difference  in  postmortem  findings  was  in  the 
bone  marrow  taken  from  the  center  of  the  femur.  The  hyperplastic 
marrow  of  the  reduced  oxygen  series  was  lacking.  The  marrow  in- 
stead was  soft,  pale,  and  fatty.  The  absence  of  h)qDerplasia  was 
fully  confirmed  by  microscopic  study.  The  bone  marrows  showed 
the  presence  of  many  adipose  tissue  cells  and  but  a  few  peripheral 
groups  of  blood-producing  elements. 

The  microscopic  examination  of  the  tissues  of  this  series  of  animals 
showed  a  striking  uniformity  of  lesions  which  were  very  slight  in 
all  cases  and  much  less  pronounced  than  those  in  the  animals  of  the 
reduced  oxygen  experiments.  The  lesions  were  chiefly  of  a  degenera- 
tive character  and  of  the  nature  of  the  hydropic  change  noted  in  the 
other  series. 

The  hearts  uniformly  showed,  on  section,  muscle  fibers  which  may 
be  described  as  somewhat  swollen,  granular,  and  vacuolated  (serous 
vacuolation).  The  vacuolation  was  never  so  extreme  as  in  the  earlier 
series.  It  showed,  furthermore,  a  different  distribution,  being  as 
well  marked  in  the  subpericardial  layers  of  muscle  fibers  as  in  the 
deeper  layers.  Fatty  infiltration  was  noted  also  in  the  hearts  of 
Rabbits  5  and  8. 

The  lungs  showed  well  marked  congestion  but  no  edema,  very 
slight  emphysema,  and  slight  l>Tnphoid  hyperplasia. 

The  livers  of  the  rabbits  showed  swollen,  granular  cells  with  a  tend- 
ency to  serous  vacuolation.  This  was  well  marked  in  but  one  rabbit, 
No.  8,  and  in  it  was  not  of  the  degree  seen  in  the  oxygen  deficiency 
rabbits.     Moreover,  in  the  four  rabbits  of  the  carbon  dioxide  series,  the 
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change  was  more  marked  in  the  peripheral  and  mid-zone  than  in  the 
central  zone,  the  point  of  most  marked  change  in  the  oxygen  series. 

The  kidneys  of  the  four  rabbits  showed  a  moderate  sweUing  of  the 
parenchjTnatous  elements  with  increased  granulation  and  some 
vacuolation.  The  last  feature  was  well  marked  in  Rabbits  6  and  8. 
The  kidneys  of  Rabbits  5  and  8  showed  old  cortical  scars  and  hyaline 
casts  in  the  collecting  tubules.  Rabbit  7  also  showed  casts,  and  an 
albuminous  precipitate  in  the  glomerular  capsular  space. 

The  spleens  showed  well  marked  hyperplasia  of  the  Malpighian 
corpuscles,  and  of  pulp  elements,  with  but  moderate  congestion.  The 
spleen  of  Rabbit  5  showed  an  excess  of  hemosiderin  in  the  pulp. 

The  thyroids  showed  a  slight  hyperplasia. 

The  aortas  showed  slight  fatty  degeneration  of  the  muscle  fibers 
by  a  Sudan  III  stain,  and  serous  imbibition  was  noted  in  the  aorta  of 
Rabbit  7. 

The  adrenals  appeared  normal. 

The  characteristic  lesions  in  the  rabbits  exposed  to  a  high  carbon 
dioxide  atmosphere  may  be  summarized  as  very  slight  and  of  a 
degenerative  character,  affecting  the  parenchymatous  cells  of  the  heart 
and  important  glandular  organs.  This  lesion  which  is  of  the  nature 
of  a  serous  imbibition,  or  vacuolar  degeneration,  is  much  less  marked 
than  in  the  animals  exposed  to  an  atmosphere  deficient  in  oxygen 
and  fails  to  show  the  same  distribution,  particularly  in  the  heart  and 
liver.     Evidence  of  hyperplasia  of  the  bone  marrow  is  entirely  lacking. 

DISCUSSION. 

In  considering  the  results  of  these  series  of  experiments,  one  finds 
in  the  oxygen  deficiency  series  lesions  of  two  types,  those  of  a  pro- 
gressive or  hjperplastic  variety,  and  those  of  a  retrogressive  or 
degenerative  character,  while  in  the  carbon  dioxide  series  degenerative 
lesions  alone  are  noted. 

.\nother  interesting  contrast  in  the  two  sets  of  experiments  is 
shown  in  the  location  of  the  degenerative  lesions  within  certain  of  the 
affected  organs.  Thus  in  the  oxygen  deficiency  experiments  the 
lesion  increases  in  intensity  with  increasing  distance  from  the  arterial 
blood  supply.     On  the  other  hand,  in  the  carbon  dioxide  (Experiments 
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the  lesions  are  in  general  more  marked  the  nearer  the  tissues  are  to 
the  arterial  supply.  These  facts  are  especially  clearly  brought  out 
in  the  liver  and  in  the  heart  muscle.  The  difference  seems  due  to 
the  fact  that  in  one  case  we  are  dealing  with  a  deficiency  of  a  vital 
element  in  the  arterial  blood  supply,  whereas  in  the  odier  we  are  deal- 
ing with  a  toxic  agent  reaching  the  tissues  through  the  same  medium. 

The  hyperplasia  of  the  bone  marrow,  that  is  extension  of  the 
red  marrow  throughout  the  cavities  of  the  long  bones,  found  in  the 
oxygen  deficiency  series  is  the  most  marked  example  of  the  progressive 
lesion.  This  finding  is  in  accordance  with  the  results  obtained  by 
Dallwig,  KoUs,  and  Loevenhart-  in  animals  subjected  to  the  same 
experimental  procedure  as  that  employed  here.  This  is  a  direct 
stimulation  of  the  cells  of  the  marrow  to  proliferation  and  differentia- 
tion by  decrease  in  oxygen  fixation  of  these  cells  and  forms  with  the 
more  prompt  response  of  the  respiratory  center  a  good  example  of  an 
adaptive  mechanism  of  the  body.  The  occurrence  of  degenerative 
processes  in  these  animals  would  indicate,  however,  that  the  com- 
pensation was  not  adequate  for  the  extremely  low  oxygen  percentage 
maintained  in  the  experiments. 

Whether  the  hjqjerplasia  of  the  thyroid  may  be  looked  on  as  the 
result  of  a  deficiency  in  oxygen  or  as  the  result  of  some  uncontrolled 
factor  in  the  maintenance  of  the  animals  before  or  during  the  experi- 
ment must,  perhaps,  remain  unanswered.  Slight  hyperplasia  was 
noted  in  the  thyroids  of  animals  subjected  to  an  increased  carbon 
dioxide  pressure,  though  not  nearly  so  marked  as  in  the  oxygen 
deficiency  series.  If  the  theory  that  the  thyroid  is  the  gland 
controlling  internal  oxidation  is  maintained,  such  a  hyperplasia 
would  be  expected  in  oxygen  deficiency.  Conversely,  the  finding 
of  hyperplasia  of  the  thyroid  under  these  conditions  may  be  urged 
as  evidence  in  favor  of  the  theory.  It  is  to  be  noted  further  that  this 
hyperplasia  as  a  result  of  oxygen  deficiency  is  in  agreement  with  the 
marked  hj'perplastic  state  of  the  human  thyroid  which  may  be  found 
in  pernicious  anemia  where  there  is  also  a  marked  oxygen  deficiency. 
Since  it  is  well  known  that  increased  thyroid  activity  increases  oxi- 
dation in  the  body  it  may  be   assumed,  we  believe,   that  in  this 

2  Dallwig,  H.  C,  KoUs,  A.  C,  and  Loevenhart,  A.  S.,  Am.  J.  Physiol.,  1915-16, 
xxxix,  77. 
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hyperplasia  of  the  thyroid  we  have  another  adaptation  to  oxygen 
want. 

The  interpretation  of  the  more  general  degenerative  lesion  in  the 
rabbits  of  the  oxygen  series  offers  somewhat  greater  difficidty.  The 
lesion  is  of  the  nature  of  an  increase  in  the  size  of  the  cell  with  an 
increase  in  its  fluid  content  and  with  apparently  a  decrease  in  the 
protoplasm,  a  lesion  which  has  been  tenned  hydropic  degeneration, 
vacuolar  degeneration,  or  serous  imbibition.  This  lesion  cannot  be 
attributed  to  the  inability  of  the  experimenters  to  control  the  food 
intake  in  animals  in  the  cages.  The  histological  picture  is  entirely  dif- 
ferent from  the  simple  atrophy  found  in  young  rabbits  accidentally 
starved  as  a  result  of  their  having  eaten  sawdust  or  shavings,  which 
accumulated  in  the  stomach.  Moreover,  as  pointed  out,  the  lesion 
in  the  various  organs  is  most  marked  at  those  points  which  are 
farthest  from  the  blood  supply,  where  in  extreme  cases  anemic  necrosis 
was  found.  The  lesion  appears  then  to  be  due  definitely  to  a  defi- 
ciency in  oxygen. 

Confirmation  of  this  was  offered  by  the  tissues  of  a  dog  in  the  labora- 
tory stock  which  had  extreme  stenosis  of  the  trachea  due  to  a  marked 
goiter.  A  similar  hydropic  lesion  was  found  throughout  the  parenchy- 
matous organs. 

It  is  of  interest  in  connection  with  the  theory  of  thyroid  function, 
cited  above,  that  the  lesions  found  in  these  animals  and  attributed  to 
oxygen  deficiency  are  identical  with  the  lesions  described  by  Tatum^ 
in  animals  which  had  been  thyroidectomized  early  in  life.  Tatum 
notes  that  in  this  experimental  cretinism  "degenerative  changes  have 
been  noted  in  practically  every  parenchymatous  organ.  Among 
these  the  most  striking  has  been  that  of  serous  unbibition  by  the 
most  active  cells  of  these  organs."  Accepting  the  theory  as  to  the 
function  of  the  thyroid,  Tatum's  results  confirm  the  interpretation 
we  have  given  our-  results.  Again,  the  converse  is  true.  Our  results, 
clearly  due  to  changes  in  but  a  single  factor,  that  of  oxygen  supply, 
explain  Tatum's  findings  and  support  the  contention  that  the  thyroid 
is  concerned  in  vital  oxidation. 

An  attempt  has  been  made  by  us  to  explain  the  morphological 
changes  resulting  from  reduced  oxidation  upon  the  basis  of  physico- 

'  Tatum,  A.  L.,  J.  Exp.  Med.,  1913,  .xvii,  636. 
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chemical  changes  within  cells.  On  this  basis  one  might  assume  that 
as  a  result  of  reduced  oxidation  there  occurs  an  increased  osmotic 
pressure  within  the  cell  and  a  consequent  increased  flow  of  water  into 
the  cells.  On  the  other  hand,  one  might  assume  that  as  a  result  of 
suboxidation,  an  acid  condition  of  the  cell  occurs  which  would  in 
turn  lead  to  acid  imbibition  by  the  colloids  of  the  cells  according  to 
the  theory  of  Fischer.  It  should  be  borne  in  mind  that  while  de- 
creased oxidation  probably  causes  increased  acidity,  there  is  evidence 
that  increased  acidity  leads  to  decreased  oxidation.  The  experiments 
which  we  have  perfonned  do  not  enable  us  to  determine  whether  the 
swelling  of  the  cells  was  due  to  acid  imbibition  of  the  colloids  or  to 
the  osmotic  factor.  The  lesion  itself  as  seen  in  the  liver  cell,  for  ex- 
ample, in  the  oxygen  series  is  identical  in  appearance  with  that  seen 
in  the  rabbit  in  moderate  chlorofonn  poisoning,  in  ether  intoxication, 
and  in  extreme  fatigue,  as  well  as  in  the  condition  where  the  carbon 
dioxide  content  of  the  air  is  maintained  at  a  high  level.  In  the  case 
of  chloroform  poisoning  Graham^  has  drawn  the  conclusion  that  the 
pathological  changes  in  the  cell  are  due  to  the  liberation  of  hydro- 
chloric acid  through  the  decomposition  of  chloroform,  although  he 
states  in  addition  that  chloroform  is  "a  drug  which  is  known  to  sup- 
press oxidations."  In  carbon  dioxide  poisoning  one  must  assume  a 
cell  retention  of  carbon  dioxide  with  increased  acidity,  autolysis,  and 
probably  also  suboxidation.  In  fatigue  it  is  assumed  that  the  edema 
of  the  cell  is  due  to  accumulation  of  acid  waste  products. 

CONCLUSION. 

Exposure  of  rabbits  to  an  atmosphere  of  low  oxygen  content  results 
in  a  stimulation  of  the  cardiorespiratory  systems,  in  an  extension 
(hyperplasia)  of  red  bone  marrow  and  probably  of  a  thyroid  hyper- 
plasia, with  the  further  productio;i  of  hydropic  and  hyahne  degenera- 
tion in  the  cells  of  the  parenchymatous  organs.  An  atmosphere  of 
high  carbon  dioxide  and  normal  o.xygen  content  produces,  however, 
a  stimulation  of  the  cardiorespiratory  systems,  but  no  marrow  ex- 
tension and,  in  the  concentrations  used,  but  slight  hydropic  degenera- 
tionj^in  the  parenchyma  of  the  glandular  organs. 

^  Graham,  E.  A.,  J.  Exp.  Med.,  1912,  .xv,  307;  1915,  .x.xi,  185,  xxii,  48. 
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In  an  earlier  study  (1)  it  was  shown  that  experimental  uranium 
nephritis  in  the  dog  is  characterized  by  an  acidosis  and  an  increase  in 
the  blood  urea  and  plasma  chlorides  and  that  when  sodium  bicarbon- 
ate is  administered  dail}^  the  acidosis  is  of  lesser  degree,  the  increase 
of  blood  urea  and  plasma  chlorides  is  not  so  great,  and  the  lesions  in 
the  kidney  are  not  so  severe. 

In  the  present  investigation  the  scope  of  the  work  has  been  extended 
to  include  other  forms  of  nephritis,  those  due  to  cantharidin,  arsenic, 
diphtheria  toxin,  and  potassium  chromate  (2).  Inasmuch  as  the 
general  literature  on  the  subject  was  reviewed  and  the  methods  of 
study  were  described  in  detail  in  the  first  paper,  these  will  not  be 
again  considered. 

The  observations  were  made  on  the  dog  and  include  the  determina- 
tion of  (a)  the  carbon  dio.xide  content  of  the  plasma  by  the  Van 
Slyke-Stilbnan-Cullen  inethod  (3),  (b)  the  non-protein  nitrogen  of 
the  blood  by  the  Fohn-Denis  method  (4),  (c)  the  urea  nitrogen  of  the 
blood  by  the  Van  Slyke-Cullen  method  (5,  6),  (d)  the  chlorides  of 
the  plasma  by  the  McLean- Van  Slyke  method  (7),  (c)  the  ketone  of 
the  blood  by  the  Rothera  method  (8),  (/)  the  hydrogen  ion  concen- 
tration of  the  urine  by  the  Pahner-Henderson  method  (9) . 

All  the  animals  were  kept  on  a  constant  diet  for  several  days  and 
normal  control  determinations  made  before  the  production  of  the 
nephritis.  All  the  control  observations  of  blood  and  urine  were 
made  on  at  least  2  different  days.  In  order  to  ensure  definitely  com- 
parable results  all  bleedings  for  the  purpose  of  obtaining  blood  for 
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chemical  study  were  made  at  9  a.m.  and  the  anunals  were  always  fed 
at  3  p.m.  All  the  nephritic  poisons  were  injected  subcutaneously  at 
9.30  a.m. 

The  observations  fall  naturally  into  two  groups:  (a)  the  purely 
chemical  and  pathological  studies  of  nephritis  and  (b)  the  study  of 
the  influence  of  sodium  bicarbonate.  For  the  first  group  a  severe 
nephritis  was  produced  and  for  the  latter  a  lesion  of  milder  degree. 
The  study  of  a  severe  nephritis  due  to  each  of  the  four  renal 
poisons  will  be  described  before  the  studies  illustrating  the  influ- 
ence of  sodium  bicarbonate  are  presented.  The  milder  degree  of 
nephritis  will  be  described  later  in  connection  with  the  study  of  the 
effects  of  sodium  bicarbonate. 


Cantharidin  Nephritis. 

The  animals  received  cantharidin  (1  per  cent)  (Merck)  dissolved  in 
acetic  ether  in  the  proportion  of  0.002  gm.  per  kilo  of  body  weight. 
Albumin  and  casts  appeared  promptly  in  the  urine.  The  general 
results  of  the  chemical  study — an  increase  in  non-protein  and  urea 
nitrogen  and  in  chlorides  and  a  diminution  in  the  carbon  dioxide  con- 

TABLE    I. 

Cantharidin  Nephritis. 


Urine. 

Blood. 

Weight. 

Date. 

Non-pro- 
tein 
nitrogen 
per  100 

Urea 
nitioeen 
per  100 

Chlorides 
per  liter. 

CO, 

content 
plasma.* 

Remarks. 

1917 

Mar.  1 
"     3 

6.5 
6.9 

mg. 

30.3 
32.1 

mg. 

14.3 
15.6 

gm. 

5.2 

5.7 

vol. 
per  cent 

59 
60 

is. 
7.3 

7.6 

Mar.  4 

Injection  of  0.002  gm.  of   cantharidin  solution  in  acetic  ether  per  kilo  of 
body  weight. 

Mar.  5 

6.3 

55.8 

28.6 

6.2 

43 

6.9 

Vomits;  polyuria;  refuses 
food. 

Mar.  6 

Comatose;  died  at  12  a.m. 

•  The  carbon   dioxide   content  was  determined  by  the  original  Van  Slyke 
method  (3). 


KINGO    GOTO 


415 


tent  of  the  plasma — are  shown  in  Table  I.  These  results  are  dupli- 
cated in  the  second  dog  receiving  the  same  dose  of  cantharidin.  In 
the  second  dog  the  changes  were  in  the  same  direction  but  not  of  the 
same  degree.  Histologically  the  kidneys  of  these  animals  showed 
marked  congestion  of  the  blood  vessels,  extreme  granular  degenera- 
tion of  the  convoluted  tubules,  and  plugs  of  granular  material  in  the 
tubular  lumina. 

Arsenic  Nephritis. 

In  this  series,  arsenic  in  the  proportion  of  0.002  gm.  per  kilo  of 
body  weight  was  given.'  The  dose  caused  the  appearance  of  albumin 
and  casts  in  the  urine.  The  chemical  changes  were  in  the  same  direc- 
tion (Table  II)  as  in  the  other  forms  of  nephritis.     In  a  second  dog 

TABLE    II. 

Arsenic  Nephritis. 


Urine. 

Blood. 

Weight. 

Date. 

Non-protein 
nitrogen 
per  100  cc. 

Urea 
nitrogen 
per  100  cc. 

Chlorides 
per  liter. 

Cft 
content 
in  plasma. 

Remarks. 

1917 

Mar.  20 
"     22 

pn 
6.3 
6.2 

mg. 
40.8 

39.2 

mg. 

15.6 
18.2 

gm. 
5.5 

6.0 

sol.  per  cent 

53 

55 

6.3 
5.9 

Mar.  23 

Injection  of  0.002  gm.  of  arsenious  acid  per  Idlo  of  body  weight. 

Mar.  24 

6.0           55.9     1      23.4    j      6.6              48      1      5.6      1  Comatose. 

Died  the  nightof  Mar.  24-25. 

which  was  given  arsenic  the  changes  were  of  even  less  degree,  and 
a  return  to  normal  was  seen  in  the  second  24  hours.  Histologicahy 
the  changes  in  the  kidneys  were  limited  to  granular  degeneration  of 
the  epithelium  of  the  convoluted  tubules  with  accumulation  of 
granular  material  in  the  lirmina. 

'  Arsenious  acid  (Merck)  was  dissolved  in  weak  sodium  carbonate  solution,  the 
solution  neutralized  to  phenolphthalein,  and  distilled  water  added  to  make  a  1 
per  cent  solution. 
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Diphtheria  Toxin  Nephritis. 

In  this  series  the  animals  received  diphtheria  toxin  of  approxi- 
mately T5J)  toxicity,  in  the  proportion  of  0.02  cc.  per  kilo  of  body 
weight.  Albumin  and  casts  appeared  in  the  urine  and  after  2  days 
the  chemical  studies  indicated  most  marked  changes.  These  are 
shown  in  Table  III.  Like  results,  except  that  the  chlorides  were 
slightly  lower,  were  obtained  in  a  second  animal  similarly  treated. 

TABLE   ni. 
Diphtheria   Toxin  Nephritis. 


Urine. 

Blood. 

Weight. 

Date. 

Non-pro- 
tein 
nitrosen 
per  100 
cc. 

Urea 
nitrogen 
per  100 

Chlorides 
per  liter. 

CO 
content 

plasma. 

1917 

Mar.    8 

"      10 

PB 

6.8 
6.8 

mg. 
36.2 

36.6 

me. 
11.7 

15.6 

5.6 
5.9 

vol. 
per  cent 

54 
53 

kg. 
6.8 
6.7 
6.6 

Mar.  14 

10  a.m.  Injection  of  0.02  cc.  of  diphtheria  toxin   (jjj)  per  kilo  of  body 
weight. 

Mar.  IS 
"     17 

6.4 
6.2 

41.2 
156.2 

20.8 
86.1 

5.8 
6.4 

50 
31 

6.2 

Refuses  food. 

Comatose.  10  a.m.   Died. 

Histologically  the  kidneys  of  these  animals  showed  intense  congestion 
and  extensive  granular  degeneration  of  the  cells  of  the  convoluted 
tubules  with  occasionally  hyahne  droplets  and  here  and  there  necrotic 
cells.  Casts,  both  granular  and  hyahne,  were  found  in  the  tubules. 
The  glomeruli  were  shrunken  and  the  capsular  spaces  occasionally 
contained  a  finely  granular  material. 


Potassium  Chromate  Nephritis. 

Potassium  chromate  (Merck)  was  dissolved  in  distilled  water  to 
make  a  1  per  cent  solution.  The  chromate  salt  was  given  subcutane- 
ously,  first  in  the  proportion  of  0.006  gm.  per  kilo  of  body  weight  and 
after  4  days  a  second  injection  of  0.01  gm.  per  kilo.  Albumin  and 
casts  appeared  promptly  in  the  urine  and  death  occurred,  preceded 
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usually  by  vomiting  and  a  comatose  condition  (Table  IV).  These 
results  are  duplicated  in  the  second  dog.  Histologically  the  kidneys 
of  these  animals  showed  the  typical  degeneration  and  necrotic  lesions 
of  chromate  nephritis. 

The  results  of  the  cantharidin,  arsenic,  diphtheria  toxin,  and 
chromate  nephritis  confirm  our  earHer  work  with  uranium  nitrate 
and  show  that  in  experimental  nephritis  there  occurs,  in  addition  to 

TABLE    IV. 

Chromate  Nephritis. 


Non-pro- 
tein 
nitrogen 
per  100 


Urea 
nitrogen 
per  100 


1917 

Feb.      5 

"        6 

"       7 


pa 
6.5 
6.4 
6.4 


mg. 

34.1 


15.6 
14.3 


5.9 

5.7 


per  cent 

54 


ks- 
13.7 


Feb.     8      Injection  of  0.006  gm.  of  potassium  chromate  (1  per  cent  solution)  per  kilo 
of  body  weight. 


Feb.     9 
"      11 

6.0         46.7 
6.3         88.6 

16.5 
28.2 

6.4 
6.1 

42 
46 

13.2 
13.1 

Refuses  food. 

Feb.  13 

Injection  of  0.01  gm.  of  potassiu 
kilo  of  body  weight. 

m  chromate  per 

Refuses  food. 

Feb.  14 
"      IS 
"      16 

6.4 
6.5 

78.1 
118.5 

26.2 
41.6 

5.4 
5.7 

38 
36 

12.8 
11.7 

Refuses  food. 

Anuria. 

Comatose.     10  a.m. 

Died. 

the  retention  of  non-protein  and  urea  nitrogen,  a  moderate  acidosis. 
This  is  most  marked  in  the  diphtheria  and  chromate  nephritis,  but 
is  evident  also  to  lesser  degree  in  cantharidin  and  arsenic  nephritis. 


E£ects  of  Sodium  Bicarbonate. 

In  the  series  in  which  the  protecting  effect  of  sodium  bicarbonate 
was  studied,  a  milder  grade  of  nephritis  was  produced.     Four  dogs 
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were  used  for  each  type  of  nephritis  and  the  experiments  were  con- 
ducted so  that  two  animals  in  each  experiment  received  the  bicarbon- 
ate, while  the  other  two,  serving  as  the  controls,  received  none.  To 
all  the  same  dose  per  kilo  of  the  nephritic  poison  was  given.  The 
animals  receiving  sodium  bicarbonate  were  given  the  bicarbonate 
for  several  days  before  the  nephritic  poison  was  administered  and  the 
bicarbonate  administration  was  continued  throughout  the  experiment. 
The  sodium  bicarbonate  was  given  by  stomach  tube  in  the  proportion 
of  2  gm.  per  kilo  of  body  weight'  with  10  cc.  of  water  for  every  gm. 
of  the  salt.  This  daily  treatment  followed  the  drawing  of  blood  at 
9  a.m.,  which  was  also  the  hour  at  which  the  nephritic  poison  was 
administered.     All  food  was  given  at  3  p.m. 

TABLE    V. 

Cantharidin  Nephritis.    No  Sodium  Bicarbonate. 


Urine, 

Blood. 

Weight. 

Date. 

Non-pro- 
nitrogen 
per  100 

Urea 
nitrogen 
per  100 

Chlorides 
per  liter. 

CO. 
content 

in 
plasma. 

Remarks. 

1917 

May  10 
"      11 
"      12 

pll 

6.8 
6.8 
6.8 

34.0 
39.3 

mg. 
12.3 

15.2 

gm. 

6.0 
6.0 

vol. 
per  cent 

53 
53 

kg. 
6.3 

6.2 

May  13 

Injection  of  0.0015  gm.  of  cantharidin  per  kilo  of  body  weight. 

May  14 
"      15 
"      16 

6.8 
6.5 
6.5 

37.0 
61.4 

18.2 
31.2 

6.3 
5.6 

40 

38 

5.8 

Vomits. 

Does  not  eat;  comatose. 

May  17 

Died  at  1  p.m. 

Cantharidin  Nephritis. — A  comparison  of  Tables  V  and  VI  shows 
the  influence  of  the  sodium  bicarbonate  in  preventing  the  reduction 
of  the  carbon  dioxide  content  of  the  plasma.  The  annuals  receiving 
bicarbonate,  moreover,  showed  less  tendency  to  vomit  and  did  not 
refuse  food.  Histologically  the  kidneys  showed  an  equal  degree  of 
nephritis  whether  bicarbonate  had  been  given  or  not. 
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TABLE    VI. 

Cantharidin   Nephritis.     Sodium  Bicarbonate. 

From   May  8,  2  gm.  of  sodium  bicarbonate  per  kilo  of  body  weight  were 
given  after  bleeding  daily. 


Urine. 

Blood. 

Weight. 

Non-pro- 
tein 
nitrogen 
per  100 

Urea 
nitrogen 
per  100 

Chlorides 
per  liter. 

CO. 

content 
plasma. 

Remarks. 

1917 

May    8 

PB 

36.8 

13.0 

5.6 

vol. 
per  cent 

54 

5.9 

Soda  commenced 
after  bleeding. 

"     10 

8.4 

"     11 

8.7 

"     12 

8.6 

32.7 

12.8 

5.4 

59 

5.9 

"     13 

8.6 

"     14 

8.7 

"     IS 

8.7 

30.3 

12.4 

6.1 

59 

5.9 

May  16 

Injectio 

1  of  0.001 

5  gm.  of  c 

mtharidir 

1  per  kilo 

af  body  w 

eight. 

May  17 

8.6 

45.9 

16.9 

5.9 

57 

5.3 

Vomits. 

"     18 

8.7 

"     19 

8.6 

36.2 

12.8 

6.3 

54 

5.3 

"     20 

8.6 

"     21 

8.6 

35  6 

10.4 

6.5 

61 

5.1 

Chloroformed. 

TABLE    VII. 

.Arsenic  Nephritis.     No  Sodium  Bicarbonate. 


Urine. 

Blood. 

Weight. 

Date. 

Non-pro- 
tein 
nitrogen 
per  100 

Urea 
nitrogen 
per  100 

Chlorides 
per  liter. 

CO! 

content 
pla^a. 

Remarks. 

IQI? 

Apr.  21 

pB 

6.5 

30.6 

mg. 
14.8 

gm. 

6.0 

vol. 
per  cent 

52 

kg. 

7.3 

Apr.  23 

6.7 
Injectioi 

31.6 
1  of  0.001 

9.1     1      6.0 
5  gm.  of  arsenious 

52 
acid  per  1 

7.3 
jlo  of  body  weight. 

Apr.  24 
"     25 
"     26 

6.0 
6.1 
6.2 

33.3 
40.8 

13.7 
18.7 

6.7 
6.6 

44 
45 

7.1 
7.1 

Chloroformed. 
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Arsenic  Nephritis. — In  this  series  the  difference  between  the  control 
and  the  bicarbonate  dogs  was  slight,  but  was  in  accord  with  that 
occurring  in  the  preceding  series.  The  dog  that  received  bicarbonate 
showed  no  diminution  of  plasma  carbon  dioxide.  The  nephritis  in 
all  was  of  a  ver}-  mild  grade.  None  of  the  animals  had  disturbances  of 
digestion  and  no  difference  in  the  degree  of  histological  changes  in 
the  kidneys  could  be  recognized. 


TABLE  vni. 

Arsenic  Nephritis.    Sodium  Bicarbonate. 

From  May  3,  2  gm.  of  sodium  bicarbonate  per  kilo  of  body  weight  were  given 
after  bleeding  daily. 


Urine. 

Blood. 

Weight. 

Date. 

Non-pro- 

Urea 

CO, 

Remarks. 

nitroeen 
per  100 

nitrogen 
per  100 

Chlorides 
per  liter. 

content 
plasma. 

1917 

PB 

mg. 

mg. 

gm. 

vol. 
per  cent 

kl- 

May    3 

6.7 

32.8 

10.4 

6.0 

52 

8.6 

Soda  commenced 
after  bleeding. 

"       4 

8.3 

"       5 

8.3 

35.6 

14.3 

6.0 

58 

8.5 

"       6 

8.5 

"       7 

8.5 

May    8 

8.5 

Injection  of  0.0015  gm.  of 

irsenious 

icid  per  kilo  of  body  weight. 

May    9 

8.7 

35.3         15.6 

6.4 

55 

8.3 

"     10 

8.5 

"     11 

8.3 

33.2         19.5 

6.3 

55 

8.2 

Chloroformed. 

Diphtheria  Toxin  Nephritis. — Tables  IX  and  X  show  the  same  differ- 
ence in  carbon  dioxide  content  as  in  the  experiments  with  arsenic  and 
cantharidin,  but  digestive  disturbances  occurred  in  both  bicarbonate 
and  control  dogs.  Histologically  changes  in  the  kidneys  of  the  ani- 
mals receiving  bicarbonate  were  of  slightly  lesser  grade  than  in  those 
of  the  controls. 
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TABLE    IX. 

Diphtheria  Toxin  Nephritis.    No  Sodium  Bicarbonate. 


Urine. 

Blood. 

Weight. 

Remarks 

Date. 

Non-pro- 

tem 
nitrogen 

per 
100  cc. 

Urea 
nitrogen 

per 
100  cc. 

Chlorides 
per  liter. 

CO2 

content 
plima. 

1917 

PB 

mj. 

mg. 

sm. 

rol. 
per  cent 

H- 

Apr.     6 

6.9 

38.2 

11.7 

5.8 

52 

5.9 

"       9 

6.9 

40.2 

13.0 

5.5 

52 

5.8 

"      11 

6.9 

35.9 

13.0 

6.0 

54 

5.6 

Apr.  12 

Injection  of  0.015  cc.  of  diphther 

a  toxin  per  kilo  of  body  weight. 

Apr.  13 

6.7 

41.6 

13.6 

6.6 

45 

5.2 

Vomits; 

refuses 

food. 

"      14 

6.7 

83.3 

46.8 

6.2 

36 

5.1 

" 

4  p.m. 

Died. 

TABLE    X. 

Diphtheria  Toxin  Nephritis.     Sodium  Bicarbonate. 

From  April  6,  2  gm.  of  sodium  bicarbonate  per  kilo  of  body  weight  were  given 
after  bleeding  daily. 


Urine. 

Blood. 

Weight. 

Date. 

Non-p    . 

tein 
nitrogen 

per 
100  cc. 

Urea 

nitrogen 

per 

100  cc. 

Chlorides 
per  liter. 

CO2 

content 
plasma. 

Remarks. 

1917 

PH 

mg. 

mg. 

gm. 

vol. 
per  cent 

H- 

Apr.     6 

6.8 

36.4 

10.4 

5.6 

51 

5.8 

Soda  commenced  after 

"       7 

7.6 

bleeding. 

"       8 

7.8 

"       9 

7.6 

■  42.5 

10.4 

5.3 

56 

5.6 

"     11 

7.8 

39.3 

9.1 

5.8 

60 

5.5 

Apr.  12 

Injection  of  0.015  cc.  of  diphtli 

jria  toxi 

Q  per  kilo  of  body  weight. 

Apr.   13 

7.6 

53.2 

16.4 

5.9 

52 

5.2 

Vomits;  does  not  eat. 

"      14 

7.6 

62.2 

46.8 

6  2 

53 

5.0 

" 

Died  the  night  of  Apr.  14-15. 
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DISCUSSION. 

The  present  work  was  undertaken  to  ascertain  first  what  degree 
of  acidosis  occurs  in  experimental  nephritis  due  to  substances  other 
than  uranium,  and  second,  how  much  protective  action  is  obtained 
from  sodium  bicarbonate  administered  by  stomach  in  these  forms  of 
nephritis  It  is  clear  that  in  the  acute  nephritis  caused  by  canthari- 
din,  arsenious  acid,  diphtheria  toxin,  and  potassium  chromate  a 
moderate  acidosis  occurs,  as  shown  by  the  diminution  of  the  carbon 
dioxide  content  of  the  plasma  and  by  the  increased  hydrogen  ion  con- 
centration of  the  urine. 

The  non-protein  and  urea  nitrogen  and  the  chlorides  in  the  blood, 
in  the  severe  form,  are  always  increased.  In  the  milder  grade  of  ex- 
perimental nephritis,  the  action  of  the  poisons  was  inconstant  in  the 
diiferent  dogs.  While  some  dogs  showed  a  moderate  increase  in  the 
non-protein  and  urea  nitrogen  and  in  the  chloride  content  of  the  blood ; 
the  others  showed  only  very  slight  if  any  change.  When  sodium 
bicarbonate  was  given  to  these  dogs  the  retention  of  nitrogen  and  of 
chlorides  in  the  blood  was  in  some  instances  less  than  in  the  control 
dogs  but  in  other  instances  no  difference  could  be  noted. 

In  acute  nephritis,  a  rise  in  the  blood  urea  content  may  be  due  to 
renal  insufficiency,  and  without  doubt  the  impaired  kidney  function  is 
to  be  considered  the  chief  factor  in  the  increase  of  the  urea  nitrogen  in 
the  blood,  but  such  other  factors  as  increased  protein  catabolism  may 
be  of  some  importance. 

Gastrointestinal  disturbances,  indicated  by  the  refusal  of  the  animals 
to  take  food  and  by  vomiting,  frequently  develop  early  in  the  course 
of  the  nephritis.  Consequently  the  food  intake  of  the  nephritic  dogs 
is  not  the  same  in  different  e.xperiments  and  is  not  so  constant  as 
that  during  the  preliminary  control  period.  The  possible  influence 
of  this  change  in  food  intake  upon  the  catabolism  must  be  considered, 
and  it  is  not  proper  to  attribute  slight  differences  in  the  nitrogen 
content  of  the  blood  entirely  to  renal  insufficiency. 

Concerning  the  protective  action  of  sodium  bicarbonate  against 
the  acidosis  it  will  be  noted  that  the  dogs  receiving  soda  always 
showed  a  higher  level  of  carbon  dioxide  content  in  the  blood  in  the 
period  before  administration  of  the  nephritic  poison  and,  moreover, 
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that  decrease  in  this  figure  during  the  nephritis  was  much  less  in  the 
dogs  receiWng  soda  than  in  the  controls  without  soda. 

The  hydrogen  ion  concentration  was  always  diminished  during  the 
nephritic  period  in  the  control  dogs,  while  in  the  dogs  receiving  soda 
it  showed  scarcely  any  change. 

The  most  constant  and  striking  difference  between  the  control  dogs 
and  the  dogs  receiving  soda  in  this  mild  grade  of  experimental  nephri- 
tis was  the  less  pronounced  diminution  of  carbon  dioxide  content  in 
the  blood  and  the  less  pronounced  decrease  in  the  hydrogen  ion 
concentration  in  urine  in  the  dogs  given  soda,  which  indicates  that 
the  sodium  bicarbonate  has  a  protective  action  against  the  acidosis. 

In  some  instances  the  animals  when  nephritic  fell  into  a  type  of 
coma,  being  at  first  somnolent,  then  passing  into  a  deep  sleep,  with 
deepened  respiration.  These  symptoms  are  analogous  to  those  seen 
in  patients  with  uremic  coma. 

The  association  of  severe  acidosis  and  of  coma  is  frequent.  This 
suggested  that  there  ma}^  be  some  relation  between  even  the  com- 
paratively mild  acidosis  of  these  experiments  and  the  greater  tendency 
to  coma  that  may  be  noted  in  the  dogs  receiving  no  soda. 

Whether  the  acidosis  of  these  types  of  experimental  nephritis  is 
due  to  a  decrease  of  the  excretory  power  of  the  kidney  for  acids,  that 
is  to  retention  of  acids,  or  to  the  production  of  abnormal  t}^pes  of 
acids,  or  to  increased  production  of  acids  is  not  known. 

In  all  the  animals  acetone  and  acetone  bodies  were  absent  from  the 
blood;  hence,  the  acidosis  in  these  types  of  experimental  nephritis 
is  not  due  to  the  acetone  bodies. 

CONCLUSIONS. 

1.  In  experimental  nephritis  caused  by  cantharidin,  arsenic,  diph- 
theria toxin,  and  potassium  chromate,  in  addition  to  the  retention 
of  the  non-protein  and  urea  nitrogen  and  of  the  chlorides  in  blood, 
an  acidosis  occurs. 

2.  Sodium  bicarbonate  given  by  the  stomach  has  the  power  of 
diminishing  the  acidosis  in  these  types  of  nephritis. 

3.  The  degree  of  increase  in  the  non-protein  and  urea  nitrogen  con- 
tent in  the  blood  in  mild  nephritis  varies  considerably  in  different 
dogs  receiving  the  same  dose  per  kilo  of  a  given  poison. 
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4.  Histological  examination  shows  little  if  any  influence  resulting 
from  the  administration  of  sodium  bicarbonate  upon  the  grade  of  the 
nephritis  induced  by  the  poisons. 
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It  has  been  shown  that  a  sample  of  vaccinia  virus,  free  from  bacterial 
impurity  and  at  the  same  time  of  sufficient  strength  for  practical 
purposes,  can  be  propagated  in  the  testes  of  certain  animals,  par- 
ticularly rabbits.'  There  were  still  several  points,  however,  which 
seemed  to  require  further  investigation.  It  was  not  known  whether 
or  not,  through  continuous  cultivation  in  vivo  in  the  testicular  tissues 
of  rabbits,  the  biological  properties  of  the  virus  would  finally  undergo 
modifications.  Since  the  natural  habitat  of  the  virus  is  the  skin, 
it  is  not  improbable  that  the  new  medium  in  which  it  has  been  induced 
to  grow  might  have  a  deleterious  influence  upon  it.  It  was  necessary 
to  determine  the  viability  of  such  a  virus  imder  varying  conditions, 
that  is  at  different  temperatures,  with  the  addition  of  antiseptics, 
etc.  It  was  desirable  also  to  compare  the  resistance  and  viability 
of  the  testicular  strain  with  those  of  the  virus  propagated  in  the 
dermal  tissue.  These  are  questions  not  merely  of  purely  academic 
interest,  but  of  practical  importance,  inasmuch  as  the  proper  utiliza- 
tion of  the  new  vaccine  depends  to  a  great  extent  upon  the  right  under- 
standing of  its  properties. 

Scope  and  Mode  of  Experiments. 

In  the  present  series  of  experiments  we  studied  the  effect  of  dis- 
infectants upon  the  testicular  vaccine  virus  at  different  temperatures, 
the  influence  of  diluents  imder  various  experimental  conditions,  the 
effects  of  desiccation  upon  the  virus,  and  the  viability  of  dried  vaccine. 
The  samples  of  testicular  or  of  skin  virus  employed  in  each  instance 
were  highly  active,  being  capable  of  producing  a  confluent  eruption 

'  Noguchi,  H.,  Pure  cultivation  in  vivo  of  vaccine  virus  free  from  bacteria, 
J.  Exp.  Med.,  1915,  xxi,  539. 
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on  the  shaved  skin  of  the  rabbit  in  1 :  1,000  dilution  or  higher.  The 
vaccine  preparations  were  placed  in  temperatures  of  37°,  18°,  4°,  and 
0°C.  Samples  were  taken  from  different  test-tubes  containing  the 
virus  at  intervals  in  order  to  determine  its  strength  under  various 
conditions.  During  the  1st  week  the  tests  were  made  every  24  hours, 
since  some  of  the  vaccine  samples  which  were  kept  at  higher  tempera- 
tures underwent  a  rapid  attenuation  of  virulence,  so  that  daily 
titration  of  their  strength  was  imperative  for  following  the  course  of 
deterioration. 

The  titration  of  the  vaccine  was  made  by  applying  a  number  of 
graduated  concentrations  of  the  specimen  to  a  corresponding  nimiber 
of  shaved  areas,  10  by  20  cm.,  of  the  dorsal  skin  of  rabbits.  Special 
precautions  were  taken  to  ha\'e  a  control  virus  accompany  the  series 
of  tests  made  on  every  animal  in  order  to  eliminate  the  irregular  results 
due  to  individual  variations  in  susceptibiKty  to  the  vaccine  virus,  for 
without  a  proper  control  for  each  rabbit  no  accurate  estimation  of 
the  vaccine  effect  may  be  made.  In  the  present  work  duplicate 
tests  were  often  resorted  to.  It  was  found  both  practical  and  reliable 
to  make  as  many  shaved  areas  as  the  dorsal  and  lateral  surfaces  of 
the  rabbit's  body  permits,  leaving  narrow  strips  of  hair  between  the 
shaved  areas  to  serve  as  barriers,  preventing  the  accidental  overflow  of 
one  dilution  to  the  next  area.  Readings  of  the  results  were  made  at 
intervals  for  about  8  to  10  days  after  inoculation.  The  dilutions  of 
different  samples  varied  according  to  the  rapidity  with  which  their 
strength  diminished,  but  it  was  customary  to  prepare  1 :  1 ,000, 
1 :  100,  1 :  50, 1 :  25,  and  1 :  10  dilutions,  and  undiluted  stock  suspension. 
The  testing  of  different  samples  after  the  preliminary  titration  was, 
of  course,  much  simplitied,  as  in  a  subsequent  titration  fewer  dilutions 
were  sufficient  to  estimate  the  strength  of  the  virus.  Strict  asepsis 
was  exercised  in  handling  the  vaccine  throughout  the  experiments. 

For  comparison  the  regular  skin  vaccines  were  employed.  These 
had  to  be  put  up  as  emulsions  containing  40  to  50  per  cent  glycerol 
or  0.5  per  cent  phenol. 

Virulence  and  Affinities  of  the  Testicular  Vaccine  Virus. 

The  first  point  to  determine  was  whether  a  strain  of  vaccine  virus 
which   had   been  propagated   for   successive    generations    during   a 
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period  of  3  years  would  acquire  an  ascending  virulence  for  the  tes- 
ticular tissues  while  suffering  a  gradual  loss  of  its  affinity  for  the  tegu- 
mentary  system.  In  the  beginning  the  strain  which  was  passed  on 
to  the  testicular  tissue  showed  a  lower  virulence  for  this  organ,  but 
it  also  showed  a  correspondingly  low  virulence  for  the  dermal  tissue. 
Upon  attaining  a  certain  degree  of  virulence  for  the  testes  the  virus 
manifested  a  parallel  increase  of  activity  for  the  skin,  showing  no 
disproportion  between  the  titers  for  the  two  kinds  of  tissue.  It  may 
be  assumed,  then,  that  by  a  prolonged  passage  through  the  testes,  the 
affinity  for  the  skin  has  in  no  wise  been  diminished.  The  maximum 
titer  obtained  by  a  testicular  product  in  rabbits  was  that  which  pro- 
duced a  confluent  eruption  on  the  skin  of  rabbits  in  a  dilution  of 
1 :  10,000.  Such  specimens  were  not  frequently  obtained,  and  the 
result  probably  depends  upon  the  suitabihty  of  the  animal  used.  There 
are  considerable  individual  variations  in  the  susceptibility  of  the  rab- 
bit and  the  calf,  and  it  is  not  rare  to  get  a  specimen  that  requires  a 
1:  100  dilution  in  order  to  produce  a  confluent  reaction.  The  titers 
with  the  rabbits  averaged  about  1:1,000.  Of  course,  a  specimen 
possessing  the  activity  to  produce  a  confluent  reaction  in  a  1  :  100 
dilution  is  already  strong  enough  to  insure  100  per  cent  of  takes 
among  primates.  The  individual  variations  in  suitability  for  produc- 
ing a  testicular  virus  are  paralleled  b}'  the  susceptibility  of  the  skin 
of  the  same  animal  to  the  vaccine  virus,  regardless  of  the  mode  of 
propagation. 

It  has  been  stated  elsewhere'  that  a  highlj-  potential  testicular 
vaccine  can  easily  set  up  vaccinia  orchitis  in  the  rabbit  in  dilutions 
as  high  as  1 :  100,000,  while  on  the  skin  the  same  dilution  produces  a 
few  eruptions.  In  this  respect  the  virus  seemed  to  have  acquired 
an  increase  in  virulence  for  the  testicle  but  not  necessarily  to  have 
lost  its  dermatophilic  propert}'.  It  still  remained  to  be  seen  whether 
this  orchitophihc  adaptation  of  the  virus  was  associated  also  with  the 
general  increase  of  virulence  for  other  internal  organs  and  tissues. 
In  order  to  determine  this  point  we  tested  the  emulsions  of  lungs, 
liver,,  spleen,  kidneys,  and  lymph  glands,  removed  5  days  after 
inoculation,  of  the  rabbits  which  had  been  successfully  inoculated 
intratesticularly  with  the  testicular  virus.  As  controls  a  number 
of  rabbits  were  intratesticularly  inoculated  with  unadapted  virus, 
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which,  however,  caused  a  marked  orchitis.  In  a  second  series  of 
animals  the  testicular  strain  was  used  on  the  skin,  causing  the  latter 
to  produce  a  confluent  eruption,  while  several  animals  were  vaccinated 
with  the  regular  skin  strain  to  serve  as  controls.  The  results  were 
uniformly  negative,  except  for  a  few  eruptions  in  the  areas  inoculated 
with  the  l\Tnph  nodes  in  a  few  instances  where  the  virus,  irrespective 
of  whether  it  was  of  testicular  or  dermal  origin,  was  given  intrates- 
ticularly. 

Localization  of  the  Vaccine  Virus  after  Subcutaneous  and  Intravenous 
Inoculations. 

The  introduction  of  small  quantities  of  the  testicular  virus,  such 
as  1  cc.  of  a  1 :  1,000,  1 :  10,000,  etc.,  dilution,  into  the  blood  circulation 
or  under  the  skin  of  the  rabbit  produced  no  appreciable  local  or  general 
sjTnptoms.  The  injection  of  1  cc.  of  a  1 :  100  dilution,  however,  some- 
times caused  a  local  inflammation  and  rise  in  temperature  on  the  4th 
and  5th  days.  No  general  eruption  was  ever  observed.  The  in- 
jection of  1  cc.  of  a  1 :  10  dilution  was  sometimes  accompanied  by  a 
high  temperature  for  3  days,  and,  in  the  case  of  subcutaneous  injection, 
local  tumefaction  and  edema,  but  no  generalized  eruption.  The 
injection  of  1  cc.  or  more  of  the  undiluted  emulsion  produced  a  grave 
illness  of  3  or  4  days,  with  a  fever  lasting  for  3  days.  Generalized 
eruptions,  particularly  numerous  on  the  mucous  membranes  of  the 
nose,  lips,  mouth,  and  genitalia,  were  observed.  Camus-'^-^  noted  a 
similar  phenomenon  with  the  skin  vaccine. 

The  examinations  of  different  tissues  removed  from  the  animals 
showed  that  in  cases  of  intravenous  inoculation  of  1:  10  and  1:  100 
dilutions,  the  lymph  glands  and  sometimes,  but  seldom,  one  of  the 
testes  contained  some  virus,  but  no  bilateral  orchitis  or  marked  re- 
action was  obtained.  In  case  of  a  higher  dilution  than  1:  1,000  we 
occasionally  demonstrated  a  small  quantity  of  the  virus  in  the  lymph 

^  Camus,  L.,  De  la  vaccine  generalisee  experimentale.  Conditions  de  sa  pro- 
duction. Bull.  Acad,  med.,  1916,  Ixxvi,  342. 

'  Camus,  L.,  Reproduction  de  la  vaccine  generalisee  chez  le  chien.  Bull!  Acad. 
med.,  1916,  Lxxvi,  376. 

*  Camus,  L.,  La  vaccine  generalisee  experimentale  chez  la  genisse  ct  chez  le 
singe,  Bull.  Acad,  med.,  1916,  lxxvi,  433. 
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nodes,  but  never  in  the  testes  or  other  organs.  Even  the  injection 
of  1  cc.  of  the  undiluted  vaccine  failed  in  two  experiments  to  localize 
in  the  testes.  The  other  organs,  except  the  lymph  glands,  were 
negative. 

The  corresponding  series  of  experiments  with  subcutaneous  inocula- 
tion did  not  bring  about  generalized  eruptions  even  with  the  strongest 
dose  used.  A  small  amount  of  the  virus  in  the  adjacent  lymph  nodes 
was  occasionally  demonstrated,  but  far  less  frequently  than  in  the 
intravenous  series. 

The  rabbits  which  received  the  intravenous  and  subcutaneous 
inoculations  of  the  virus  were  tested  for  their  susceptibility  to  a  sub- 
sequent application  of  a  powerful  vaccine,  both  the  testicular  and  the 
dermal,  within  several  weeks.  They  were  found  to  be  refractory 
to  the  new  vaccination,  although  some  of  them  had  originally  received 
only  1  cc.  of  a  1 :  10,000  dilution.  The  testes  of  these  rabbits  were 
also  insusceptible  to  the  inoculation  with  a  highly  active  virus.  The 
immunity  brought  about  by  the  intravenous  or  subcutaneous  inocula- 
tion of  the  virus  was  altogether  comparable  with  that  conferred  by  a 
regular  procedure  on  the  skin.  A  detailed  report  of  this  phase  of  the 
work  will  be  made  later. 

Viability  and  Resistance  of  the  Testicular  Vaccine  Virus. 

Data  concerning  the  viability  and  resistance  of  vaccine  virus 
ought  to  be  abundant,  but  one  does  not  easily  find  details  of  a  system- 
atic investigation.  From  the  time  of  Jenner  the  resistance  of  the 
virus  to  desiccation  has  been  known,  and  it  was  proved  nearly  50 
years  ago°  that  it  resists  the  action  of  glycerol  when  the  latter  is  used 
in  the  proper  concentration.  Later  Umeno"  and  others  found  that 
phenol  in  a  concentration  below  1  per  cent  does  not  perceptibly  de- 
crease its  virulence.  Yet  much  of  what  was  done  years  ago  seems  to 
have  been  overlooked,  and  it  may  be  of  suflScient  interest  to  publish 
here  the  experimental  data  obtained  by  the  writer  during  the  past  3 

^  Copeman,  S.  M.,  \'accination.  Its  natural  history  and  pathology,  London, 
1899,  156. 

*  Personal  communication  from  Professor  S.  Umeno,  Director  of  the  Imperial 
Institute  for  the  Preparation  of  Vaccine  Virus,  Tokyo,  Japan. 
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years.  Naturally,  the  chief  object  of  the  experunents  was  to  study 
the  testicular  vaccine  virus,  but  in  some  instances,  controls  with  the 
regular  vaccine  virus  were  made  as  far  as  it  was  possible.  From  the 
nature  of  the  latter,  however,  no  experiments  could  have  been  carried 
out  to  test  its  viability  in  a  suspension  without  antiseptics  such  as 
glycerol  or  phenol,  while  it  was  possible  to  do  so  with  the  bacteria- 
free  testicular  virus. 

Sumival  of  the  Vaccine  Virus  in  Distilled  Water  and  Glycerolated  Media, 
at  Different  Temperatures. 

April  2,  1915.  Three  sets  of  eight  test-tubes  each  were  used.  After  steriliza- 
tion, 11.6  cc.  of  distilled  water  were  added  to  the  first  tube  of  each  set,  and  to 
the  other  seven  tubes  11.6  cc.  of  10,  20,  40,  50,  60,  80  per  cent,  and  pure  glycerol 
respectively.  The  contents  of  each  tube  were  mixed  with  0.4  cc.  of  the  stock 
emulsion  of  the  testicular  strain.  No.  948  emulsion,  which  had  the  titer  of  1 :  1,000 
(confluent).  One  set  was  placed  in  a  refrigerator  at  4°C.,  the  second  set  at 
18°,  and  the  last  at  37°C.  0.5  cc.  was  taken  from  each  tube  and  tested 
as  usual  on  the  skin  of  rabbits,  three  or  four  rabbits  being  used  in  order  to  test  the 
three  sets  (24  tubes)  simultaneously.  At  first  tests  were  made  daily,  or  every 
other  day,  but  later  at  semimonthly,  monthly,  or  longer  intervals.  Tables  I, 
II,  and  III  give  the  results. 

The  most  striking  point  demonstrated  in  the  foregoing  experiments 
is  that  the  vaccine  virus  retains  its  virulence  much  longer  in  distilled 
water  than  in  any  of  the  glycerolated  media.  Pure  glycerol  destroyed 
the  virus  to  a  considerable  extent  in  a  week  and  completely  within  a 
month,  even  at  a  temperature  of  4°C.,  while  the  virus  in  water 
remained  very  active  after  1  year.  As  the  concentration  of  glycerol 
diminished  its  destructive  effect  was  less  noticeable,  and  in  10  to  20 
to  40  per  cent  the  virus  remained  active  for  at  least  6  months.  At 
18°C.,  the  temperature  of  our  laboratory,  the  virus  deteriorated 
rapidl}^  The  virus  was  killed  in  5  days  in  pure  glycerol,  in  1  month 
in  60  to  80  per  cent,  in  2  months  in  10  to  20  per  cent  glycerol,  while 
it  was  still  very  active  in  water  after  3  months.  These  differences 
are  much  more  accentuated  at  37°C.,  where  the  virus  was  no  longer 
alive  in  pure  glycerol  after  24  hours.  In  80  per  cent  glycerol  it  was 
avirulent  in  6  days,  in  60  per  cent  in  7  days,  in  50  per  cent  in  9  days, 
and  in  10  to  20  to  40  per  cent  in  28  days.     On  the  other  hand,  in  water 
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a  trace  of  the  virus  was  still  present  for  as  long  as  2  months,  when  it 
still  showed  a  few  eruptions  on  test.  The  powerful  vaccinicidal 
property  of  glycerol  is  well  brought  out  in  this  set,  and  in  any  experi- 
ment bearing  upon  the  vdabihty  of  the  virus  this  factor  should  be  con- 
sidered. The  persistence  of  the  \-irus  in  water  or  in  10  to  20  per  cent 
glycerolated  water  at  the  temperature  of  37°C.  is  remarkable  and 
becomes  important  in  interpreting  the  results  in  cultivation  experi- 
ments. 

Effect  of  Diluents  upon  the  Viability  of  the  Vaccine  Virus  at  Different 
Temperatures. 

May  24,  1915.  E.xperiments  were  made  similar  to  the  foregoing  but  with" 
distOled  water,  0.9  per  cent  saline  solution,  Ringer's  solution,  50  per  cent  glycerol, 
0.5,  1,  and  2  per  cent  aqueous,  and  50  per  cent  glycerolated  solutions  of  phenol  as 
diluents.  To  19.6  cc.  of  each  of  the  solutions  was  added  0.4  cc.  of  testicular  virus, 
No.  992  emulsion.  The  three  sets  of  tubes  were  placed  at  4°,  18°,  and  37°C. 
respectiv'ely.     The  results  of  the  tests  are  given  in  Table  I\'. 

Table  IV  confirms  the  findings  of  the  preceding  series  of  experi- 
ments and  further  shows  that  at  4°C.  the  \drus  was  best  preserved 
in  Ringer's  solution  and  in  0.5  and  1  per  cent  phenol  water,  being  still 
active  at  the  end  of  1  year.  In  distilled  water  it  was  weaker  than  in 
saline  solution,  the  latter  being  almost  as  good  a  mediima  as  Ringer's 
solution.  The  deteriorating  effect  of  50  per  cent  glycerol  was  marked 
in  this  instance.  The  addition  of  phenol  in  0.5  per  cent  did  not  affect 
the  action,  although  1  per  cent  phenol  plus  50  per  cent  glycerol  killed 
the  virus  more  quickl}'  than  either  of  them  separately.  Phenol  in  a 
2  per  cent  solution  and  agitation  of  the  virus  with  an  excess  of  chloro- 
form for  3  hours  destroyed  the  virus  within  24  hours.  The  results 
at  18°C.  and  at  37°C.  indicate  that  there  is  a  more  complete  and 
rapid  destruction  of  the  virus  with  a  rise  of  temperature.  An  inte- 
resting feature  seems  to  be  the  longer,  if  not  better  survival  of  the 
virus  in  a  carbolized  solution  (0.5  per  cent  water)  than  in  Ringer's 
solution,  saline  solution,  or  distilled  water.  In  the  first  7  days,  the 
activit}^  of  the  virus  in  the  latter  solutions  was  greater  than  in  the 
carbolized  medium,  however. 
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Survival  of  the  Vaccine  Virus  in  Different  Atmospheres. 

In  order  to  find  whether  a  gradual  deterioration  of  the  vaccine  virus 
could  be  delayed  or  prevented  by  preserving  the  virus  in  different 
kinds  of  gases,  we  placed  the  vaccine  in  sealed  ampules  containing 
either  hydrogen,  nitrogen,  oxygen,  carbon  dioxide,  or  air.  For  this 
purpose  the  testicular  vaccine.  No.  1,035  emulsion  (1:1,000  titer), 
was  diluted  10  times  with  sterile  distilled  water,  the  gases  were  passed 
through  the  vaccine,  and  the  receptacles  hermetically  sealed  by  fusing 
the  drawn  portions  with  flame.     The  vaccine  was  not  exposed  to  heat. 

The  appearance  of  the  vaccine  was  not  altered  by  hydrogen,  nitrogen, 
or  air,  but  the  passage  of  carbon  dioxide  caused  a  clearing  of  the 
diffuse  turbidity,  the  precipitates  adhering  to  the  wall  of  the  container, 
while  with  oxygen,  granular  precipitates  appeared. 

Three  duphcate  sets  placed  at  4°,  18°,  and  37°C.  respectively  were 
used.  The  results  obtained  after  a  period  of  21  days  are  shown  in 
Table  V. 

T.\BLE   V. 
Survival  of  Vaccine  Virus  in  Various  Atmospheres. 


Gas. 

Results  after  21  days. 

4-0. 

18°  C. 

37°  C. 

Cfl. 

+  +  + 
+  + 

+  + 
+ 

_ 

_ 

_ 

_ 

The  virus  retained  its  virulence  in  all  the  gases  for  3  weeks  when 
kept  at  4°C.  but  became  avirulent  at  37°C.  From  the  results 
obtained  at  18°C.,  however,  it  may  be  concluded  that  in  sealed 
ampules  containing  hydrogen,  nitrogen,  or  ordinary  air,  the  virus  re- 
tained its  virulence  somewhat  better  than  in  an  open  receptacle. 
Pure  oxygen  or  carbon  dioxide  gas  destroyed  the  virus  completely 
at  the  same  temperature. 
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Effect  of  Acid,  Alkali,  and  Germicides  upon  the  Vaccine  Virus. 

Knowledge  concerning  the  resistance  of  the  vaccine  virus  to  various 
substances  is  a  prerequisite  for  handhng  it  properly.  In  a  series  of 
experiments  hydrochloric  acid,  sodium  hydroxide,  tricresol,  and  phenol 
in  varying  concentrations  were  mixed  with  a  testicular  vaccine  emul- 
sion. Tests  were  made  on  rabbits  at  the  end  of  24  hours,  4  days,  and 
6  days  respectively  at  4°C.     Table  VI  shows  the  results. 

The  table  shows  that  the  vaccine  \'irus  is  completely  destroyed  by 
sodium  hydroxide  added   in   a  concentration  greater  than    1 :  200, 


TABLE 

Efed  of  Acid,  Alkali, 


VI. 

I  and  Germicides. 


Testicular  v 

. 

Fresh  skin  vaccine  (some  cocci). 

Substance. 

(no  bacteria). 
Tested  for  vaccine. 

Tested  lor  vaccine. 

Tested  for 
bacteria. 

24  hrs. 

4 
days. 

6  days. 

24  hrs. 

4 
days. 

6  days. 

24 
hrs. 

4 
days. 

6 
days. 

per 
cent 

4 

Hydrochloric  acid. 

2 
1 
0.5 

1 

erup- 
tion. 

- 

- 

A  few  erup- 
tions. 

- 

- 

- 

4 

— 

- 

- 

_ 

— 

_ 

_ 

- 

Sodium  hydroxide. 

2 

1 

— 

— 

— 

— 

— 

— 

+ 

— 

0.5 

- 

- 

- 

- 

- 

- 

+ 

- 

2 

_ 

_ 

_ 

_ 

_ 

— 

— 

— 

_ 

Tricresol. 

1 
0.5 

ca. 

— 

— 

Cfl. 

— 

— 

— 

" 

— 

0.2 

" 

Cfl. 

Cfl. 

" 

Cfl. 

Cfl. 

+ 

+ 

+ 

2 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

1 

CQ. 

Cfl. 

+++ 

Cfl. 

Cfl. 

+++ 

+ 

- 

- 

0.5 

" 

" 

Cfl. 

" 

" 

+++ 

+ 

-1- 

+ 

0.2 

" 

" 

" 

" 

" 

+++ 

+ 

+ 

+ 

Control. 

Cfl. 

Cfl. 

Cfl. 

Cfl. 

Cfl. 

Cfl. 

+ 

+ 

+ 
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while  hydrochloric  acid  destroyed  it  almost  completely  in  a  correspond- 
ing concentration.  On  the  other  hand,  the  contaminating  micrococci 
of  the  fresh  skin  pulp  showed  a  different  relation,  resisting  the 
action  of  even  1  per  cent  sodium  hydroxide  solution  for  at  least  24 
hours,  while  they  were  completely  sterilized  by  a  0.5  per  cent  hydro- 
chloric acid  solution.  The  action  of  tricresol  and  phenol  is  similar, 
the  difference  being  quantitative  rather  than  qualitative.  The  virus 
resisted  0.2  per  cent  tricresol  or  0.5  per  cent  phenol  for  many  days, 
as  did  also  the  contaminating  bacteria.  In  the  case  of  phenol,  and 
in  a  lesser  degree  tricresol,  the  destructive  effect  was  comparatively 
more  severe  upon  the  micrococci  than  upon  the  vaccine  virus.  The 
margin  was,  however,  narrow.  A  bacterial  spore  cannot  be  sterilized 
by  a  concentration  which  wiU  not  destroj'  the  vaccine  virus  completely. 

The  action  of  iodine  was  next  studied  in  various  ways,  because  of 
its  effectiveness  as  a  germicide.  It  was  employed  as  a  local  anti- 
septic in  the  form  of  an  alcoholic  solution  or  as  Lugol's  solution. 
In  a  series  of  experiments  we  made  a  number  of  dilutions  of  tincture 
of  iodine  by  using  10  per  cent  ethyl  alcohol  water  as  diluent.  To 
0.9  cc.  of  each  dilution,  0.1  cc.  of  a  1 :  10  dilution  of  a  strong  testicular 
vaccine  virus  was  added,  the  mixture  incubated  for  1  hour  at  37°C., 
and  then  tested  on  rabbits.  It  was  found  that  the  diluent  alone,  that 
is  a  10  per  cent  alcohol  water,  exerted  no  effect.  On  the  other  hand, 
the  mixtures  containing  a  dilution  of  the  tincture  of  iodine  above 
1 :  10,000  became  avirulent.  The  mixture  which  contained  a  dilution 
of  1 :  100,000  gave  several  eruptions  instead  of  the  confluent  reaction 
which  took  place  when  controls  without  iodine  were  used.  The  experi- 
ment demonstrates  how  destructive  this  element  is  for  the  vaccine 
virus.  Lugol's  solution  (iodine  1  part,  potassium  iodide  2  parts,  and 
water  300  parts)  destroyed  the  virus  in  a  1 :  100  dilution  but  had  no 
effect  in  a  1:  1,000  dilution.  Attempts  were  made  to  influence  the 
course  of  the  vaccine  reaction  by  administering  a  considerable  amount 
of  Lugol's  solution  or  sodium  or  potassium  salts  by  intravenous  or 
subcutaneous  injections  for  several  days  before  and  after  the  vaccina- 
tion. No  effect  was  perceptible.  The  iodide  salts  failed  to  reduce 
the  virulence  of  the  vaccine  virus  even  when  mixed  in  vitro  in  a  30 
per  cent  solution  and  kept  1  hour  at  37°C. 

Attempts  were  made  to  sterilize  the  vaccine  virus  simultaneously 
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with  its  application  to  the  skin  or  at  various  intervals  afterwards. 
It  was  found  that  tincture  of  iodine  in  a  concentration  stronger  than 
1:  10  inhibits  the  development  of  the  eruption;  in  1:  400  dilution,  it 
prevented  the  process  from  being  confluent.  Lugol's  solution  used 
in  full  strength  reduced  but  failed  to  check  the  infection.  The 
apphcation  after  24  hours  of  tincture  of  iodine  in  concentrated  forms 
did  not  noticeably  influence  the  vaccine  infection. 

So  far  no  visible  organism  has  been  found  as  the  causative  agent  of 
vaccinia.  From  the  viewpoint  of  classification  it  seemed  important 
to  study  the  effects  of  certain  protoplasmic  poisons  on  the  virus. 
For  this  purpose  0.1  cc.  of  testicular  vaccine,  No.  1,062  emulsion,  was 
mLxed  with  0.5  cc.  of  sodium  oleate,  sodium  taurocholate,  sodium 
glycocholate,  and  sodium  chelate,  in  varying  concentrations.  After 
1  hour  at  37°C.  the  mixtures  were  tested  on  rabbits.  It  was  found 
that  all  the  salts  destroyed  the  vaccine  virus  in  a  1 :  10  dilution.  In  a 
1 :  100  dilution  a  small  portion  of  the  virus  still  survived,  while  the 
virus  in  control  tubes  was  capable  of  producing  a  confluent  reaction. 

Effect  of  Desiccation  upon  the  Vaccine  Virus. 

Vaccine  virus  is  known  to  withstand  desiccation  for  a  long  time, 
but  more  exact  knowledge  is  desired  as  to  its  reaction  to  dryness, 
the  length  of  time  it  will  survive  in  the  dry  state,  and  how  the  dried 
vaccine  virus  compares  with  moist  emulsions  at  diS'erent  tempera- 
tures. Many  microorganisms,  especially  those  which  pass  the  filter, 
resist  desiccation  and  remain  viable  for  a  long  time.  Most  enzymes 
retain  their  activity  better  in  the  dry  than  in  the  moist  state,  especially  * 
at  the  higher  temperatures.  The  question  becomes  one  of  consider- 
able importance  in  the  case  of  the  vaccine  virus,  because  of  the  rapid 
deterioration  which  attends  the  moist  preparation  of  the  virus  in 
tropical  countries.  If  the  dried  vaccine  proved  to  resist  the  conditions 
of  moisture  and  temperature  similar  to  those  of  a  tropical  climate 
better  than  the  liquid  emulsion,  it  would  be  a  great  advantage  to 
preserve  the  vaccine  virus  in  the  dried  form. 

On  several  occasions  we  have  dried  quantities  of  the  organ  paste 
of  testicular  vaccine  virus  by  means  of  a  vacuum  pump.  After 
desiccation  quantities  were  weighed,  powdered,  and  preserved  in 
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hermetically  sealed  ampules  or  left  in  an  open  receptacle.  One  set 
of  specimens  was  placed  at  4°C.,  some  at  18°,  and  others  at  37°. 
The  controls  consisted  of  aqueous  emulsions  of  the  undried  portion 
of  the  same  tissue  paste. 

The  reduction  in  weight  through  desiccation  was  not  uniform, 
and  no  constancy  could  be  expected  on  account  of  the  variation  in 
degree  of  edema  of  the  organs  (Table  VII) . 


TABLE    VII. 

Reduction  of  the  Weight  of  the  Vaccine  Paste  through  Desiccation. 


Emulsion  No. 

Organ. 

Original  weight. 

Residue. 

gm. 

gm. 

866 

Testis. 

2.0 

0.38 

876 

2.5 

0.38 

877 

2.0 

0.3 

878 

2.0 

0.32 

1,045 

1.85 

0.32 

1,046 

1.0 

0.25 

The  vaccine  virus  did  not  in  any  instance  show  its  original  titer 
after  desiccation.  The  loss  of  virulence,  as  determined  by  employing 
corresponding  quantities  of  the  dried  and  moist  materials,  amounts 
to  half  or  even  more  of  its  original  strength.  This  was  unexpected, 
but  was  true  with  all  the  dried  materials.  The  insolubihty  which 
attends  the  desiccation  of  the  vaccine  paste  may  play  a  part  in  the 
loss  of  virulence.  To  resuspend  and  dissolve  the  powdered  material  is 
difficult.  The  results  obtained  during  a  period  of  18  months  indicate 
that  the  dried  material  remains  still  viable,  although  reduced  to 
one  one-hundredth  or  less  of  the  original  titers,  for  about  12  to  18 
months  at  4°C.  and  18°C.,  but  becomes  inert  within  30  to  60 
days  at  37°C.  The  control  specimens  in  the  moist  state  showed  similar 
relations. 

From  the  above  findings  it  is  evident  that  the  process  of  desiccation 
as  carried  out  is  considerably  destructive  to  the  vaccine  virus,  and 
that  it  does  not  protect  it  from  the  gradual  deterioration  due  to  age 
which  takes  place  at  different  temperatures.  < 
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1 .  The  virulence  of  vaccine  virus  for  the  testicular  tissues  increases 
until  its  maximum  is  finally  reached.  The  selective  increase  is  not 
associated  with  any  loss,  reduction,  or  modification  in  its  virulence 
for  the  skin.  A  highly  potent  testicular  vaccine  is  also  highly  active 
for  the  skin. 

2.  The  testicular  strain  of  vaccine  virus  has  no  more  tendency  to 
localize  in  various  organs  than  the  ordinary  skin  strain.  Both  may 
localize  in  adjacent  l\Tnph  nodes  when  introduced  intravenously, 
subcutaneously,  or  intratesticularly  in  sufficiently  large  quantities, 
but  other  organs  are  not  involved. 

3.  Intravenous  inoculation  of  an  excessive  amount  of  a  powerful 
vaccine  virus  (1  to  2  cc.  of  undiluted  stock  emulsion),  irrespective  of 
whether  it  is  from  the  testis  or  the  skin,  will  result  in  a  generalized 
eruption  over  the  entire  body  surface  of  rabbits.  The  eruption  may 
be  confluent  on  mucous  membranes  of  the  mouth,  nostrils,  genitalia, 
etc.  Intratesticular  or  subcutaneous  inoculations  of  the  same  virus 
fail  to  produce  this  effect. 

4.  Subcutaneous  or  intravenous  introduction  of  much  smaller  quanti- 
ties of  the  virus  does  not  cause  an  appreciable  local  or  general  reaction 
in  the  rabbit.  But  the  animals  which  have  once  received  these  in- 
jections become  refractory  to  a  subsequent  vaccination  as  applied  to 
the  skin.  It  seems  probable  that  an  active  immunity  has  been  con- 
ferred. 

5.  Experiments  on  the  viability  and  resistance  of  the  testicular 
strain  of  vaccine  virus  indicate  that  the  virus  is  best  preserved  when 
emulsified  with  Ringer's  solution  or  0.9  per  cent  saline  solution.  Dis- 
tilled water,  while  apparently  one  of  the  best  diluents,  fails  to  keep 
the  \-irus  active  as  long  as  Ringer's  or  saline  solutions.  As  would  be 
expected,  the  lower  the  temperature  is,  the  longer  the  Aarus  retains 
its  viability.  At  18°  or  37°C..  the  deterioration  of  the  virus  pro- 
ceeds rapidly.  However,  a  small  part  of  the  virus  survives  after 
many  weeks'  standing  at  37°C. 

6.  Of  the  two  most  commonly  employed  chemical  agents  for  the 
ripening  (eliminating  bacteria)  process  of  the  green  vaccine  pulp, 
glycerol  and  phenol,  the  latter  is  the  less  injurious.     Phenol  in  con- 
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centration  above  2  per  cent  destroys  the  virus  within  24  hours  at  any 
temperature,  but  it  has  abnost  no  injurious  effect  when  used  in  0.5 
to  1  per  cent.  On  the  other  hand,  glycerol  is  a  powerful  vaccinicide. 
When  used  in  full  strength  it  destroys  the  virus  within  24  hours,  even 
at  4°C.  In  a  concentration  of  40  per  cent,  that  ordinarily  recom- 
mended for  the  ripening,  the  virus  retains  some  of  its  virulence  for 
about  half  a  year  at  4°C.,  while  at  higher  temperatures  the  same  con- 
centration kills  the  virus  within  1  to  2  months.  The  \arus  preserved 
in  distilled  water  or  Ringer's  solution  under  similar  temperature  con- 
ditions remains  more  active  during  this  period.  From  this  it  may  be 
concluded  that  glycerol  is  not  an  indifferent  agent,  as  is  assumed  by 
many,  but  a  powerful  vaccinicide  when  used  in  high  concentrations. 
The  injurious  effect  is  markedly  accelerated  at  18°  or  37°C. 

7.  The  vaccine  virus  retains  its  virulence  better  in  a  sealed  tube 
containing  either  hydrogen,  nitrogen,  or  air  than  in  an  open  receptacle. 
The  \arus  deteriorates  when  placed  in  a  sealed  tube  with  oxygen  or 
carbon  dioxide. 

8.  Desiccation  decreases  to  a  considerable  degree  the  virulence  of 
the  vaccine  virus.  In  the  dried  state  the  virus  retains  its  viability 
about  as  long  as  does  the  emulsion,  but  it  is  not  protected  from  the 
deterioration  caused  by  age  under  various  conditions. 

9.  Iodine  is  a  powerful  disinfectant  for  the  vaccine  virus,  but  its 
sodium  and  potassium  salts  have  no  effect.  Various  bile  salts  destroy 
the  vaccine  virus  when  employed  in  sufficient  concentration. 


SURVIVAL  OF  POLIOMYELITIC  VIRUS  IN  THE  BRAIN  OF 
THE  RABBIT. 
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(Received  for  publication,  December  31,  1917.) 

The  consensus  of  opinion  among  investigators  in  America  and  Eu- 
rope is  that  the  causative  microorganism  of  poliomyelitis  is  a  so 
called  filter  passer.  The  filterable  organism  or  virus  of  pohomyehtis 
possesses  definite  properties  through  which  it  may  be  identified,  and 
among  these  the  most  decisive  is  its  ability  to  incite  experimental 
pohomyehtis  in  the  monkey.  In  common  with  other  filter  passers, 
the  microbic  cause  of  pohomyehtis  is  very  minute.  It  has  not  been 
detected  with  certainty  by  microscopic  examination  in  infectious 
filtered  fluids.  There  are  reasons  for  believing  that  in  artificial 
cultures  the  microorganism  gives  rise  to  colonies  visible  to  the  naked 
eye  and  composed  of  masses  of  minute  organisms  which  have  been 
called  globoid  bodies.'  Similar  globoid  bodies  have  been  detected 
in  microscopic  preparations  of  the  nervous  organs-'  and  once  in  the 
circulating  blood  of  an  infected  monkey.' 

Another  point  of  view,  emphasized  more  recently,  is  based  on  the 
studies  of  Mathers,  Rosenow,  Nuzum,  and  their  associates.*'  Ac- 
cording to  these  investigators,  epidemic  poliomyelitis  is  caused  by  a 
polymorphous  streptococcus,  which  induces  paralysis  and  histological 
changes  characteristic  of  the  disease  in  rabbits  as  well  as  in  monkeys. 

'  Flexner,  S.,  and  Noguchi,  H.,  J.  Am.  Med.  Assn.,  1913,  Ix,  362. 

^  Flexner,  S.,  and  Noguchi,  H.,  /.  Exp.  Med.,  1913,  xviii,  461. 

=  Amoss,  H.  L.,  J.  Exp.  Med.,  1914,  xix,  212. 

■•  Mathers,  G.,  J.  Am.  Med.  Assn.,  1916,  l.^cvii,  1019;  /.  Infect.  Dis.,  1917,  xx, 
113.  Rosenow,  E.  C,  Towne,  E.  B.,  and  Wheeler,  G.  W.,  /.  Am.  Med.  Assn., 
1916,  Lxvii,  1202;  Science,  1916,  xliv,  614;  J.  Am.  Med.  Assn.,  1917,  Ixviii,  280. 
Nuzum,  J.  W.,  and  Herzog,  M.,  J.  Am.  Med.  Assn.,  1916,  Ixvii,  1205.  Nuzum, 
J.  W.,  ibid.,  1916,  Ixvii,  1437;  1917,  Ixviii,  24. 
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Since  the  filtered  virus  of  poliomyelitis,  while  highly  active  against 
monkeys,  is  practically  without  pathogenic  power  for  rabbits,  a  wide 
difference  of  experimental  results  needs  to  be  explained  in  order  to 
bring  the  two  points  of  view  into  harmony. 

Bull,'  in  this  laboratory,  attempted  to  confirm  the  work  referred  to  with  the 
polymorphous  streptococcus,  but  without  success.  He  carried  out  a  large 
series  of  inoculations  of  streptococci  derived  from  poliomyelitic  human  and  mon- 
key tissues  without,  in  a  single  instance,  either  in  rabbits  or  monkeys,  inducing 
clinical  sjinptoms  or  pathological  lesions  identifiable  with  those  of  epidemic 
poliomyeHtis.  Moreover,  his  efforts  to  immunize  animals  with  the  streptococcus 
so  as  to  obtain  a  neutralizing  serum  for  or  to  protect  them  against  infection  with 
the  filtered  \irus,  as  Rosenow  claims  to  have  done,  were  wholly  unsuccessful. 
More  recently.  Bull  has  again  tried,  unsuccessfully,  to  render  a  monkey  immune 
to  the  virus  by  large  intravenous  injections  of  streptococci  cultivated  from  the 
brain  of  a  poliomyelitic  human  case.  The  protocols  of  this  experiment  follow. 
The  question,  therefore,  arises  as  to  the  source  as  well  as  the  significance  of 
the  streptococci  foimd  not  infrequently  in  poliomyelitis.  Smillie"  found  that 
when  the  cultures  are  made  from  monkeys  moribund  and  slowly  dying,  or  from 
animals  which  have  been  dead  some  hours,  streptococci  are  frequently  present, 
not  only  in  the  nervous  organs,  but  even  more  abundantly  in  the  abdominal 
viscera.  In  other  words,  the  streptococci  exhibit  the  characters  of  secondary, 
agonal  invading  microorganisms.  The  unreported  experiment  of  Bull  with 
streptococci  follows.     Macacus  rhesus  monkej"s  were  used. 

Monkey  A. — Apr.  25,  1917.  Injected  intravenously  the  centrifuged  sediment 
from  a  24  hour  growth  in  60  cc.  of  ascitic  dextrose  broth  of  the  third  generation 
of  streptococcus  obtained  from  human  poliomyelitic  brain.  The  monkey  re- 
mained active.  Apr.  27.  Injected  intravenously  the  growth  from  56  cc.  of  the 
same  medium,  third  generation  of  the  same  streptococcus,  and  intracerebrally 
the  growth  from  14  cc.  of  the  same  culture.  The  monkey  became  irritable,  but 
remained  active,  and  was  normal  on  May  1  when  another  intravenous  injection 
from  60  cc.  of  the  third  generation  culture  was  made.  May  5.  A  fourth  injec- 
tion was  given. 

This  monkey,  the  serum  of  which  was  shown  on  May  22  to  agglutinate  the 
strain  of  streptococcus  in  a  dilution  of  1 : 4,000,  was  tested  (a)  for  neutralizing 
action  on  the  filtered  poliomyelitic  virus,  and  (6)  for  protection  against  an 
intracerebral  inoculation  of  the  same  virus. 

Monkey  B.  Neulralization  Test. — May  22.  2  cc.  of  serum  from  Monkey  A 
were  mixed  with  0.2  cc.  of  a  Berkefeld  filtrate  of  a  5  per  cent  suspension  of  polio- 
myelitic monkey  cord  (active  virus),  incubated  for  2  hours  at  37°C.,  and  placed 

'  Bull,  C.  G.,  J.  Exp.  Med.,  1917,  xxv,  557. 

"  Smillie,  \V.  C,  /.  Exp.  Med.,  1917,  xxvii,  319. 
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over  night  at  4^C.,  then  injected  intracerebrally  into  Monkey  B.  May  30. 
Animal  excited.  Junel.  Ataxic.  June  2.  Legs  paralyzed;  back  weak.  June  3. 
Prostrate.    June  4.     Died. 

A  utopsy. — Typical  gross  and  microscopic  lesions  of  poliomyelitis  were  present 
in  the  central  nervous  organs. 

Protection  Test  of  Monkey  A. — May  22.  After  blood  was  withdrawn  for  the 
serum  an  intracerebral  injection  of  0.5  cc.  of  active  virus  was  made.  May  27. 
Monkey  excited  and  ataxic.     May  28.     Prostrate.    May  29.     Died. 

Autopsy. — Typical  poliomyelitic  lesions  were  present  in  the  central  nervous 
system. 

EXPERIMENTAL. 

In  order  to  study  further  the  relation  of  the  filterable  virus  of 
poliomyelitis  to  the  rabbit,  with  the  special  view  of  bringing  out  re- 
semblances to  or  distinctions  from  the  streptococcus  and  of  deter- 
mining its  power  of  survival  in  the  brain  in  vivo,  inoculations  of  the 
virus  were  made  into  the  braiii  of  that  animal.  There  was  no  ex- 
pectation of  inducing  infection  or  of  setting  up  paralysis.  BulP  in- 
jected streptococci  isolated  from  the  human  poliomyelitic  brain  in- 
travenously into  a  rabbit  without  producing  symptoms.  The  rabbit 
was  etherized  after  131  days.  Streptococci  corresponding  anti- 
genically  with  the  strain  originally  injected  were  found  to  have 
survived  in  the  brain.  Bull  also  observed  that  local  injections  of 
streptococci  from  poliomyeUtic  tissue  sometimes  produce  focal  lesions 
in  which  the  organisms  survive  for  long  period^.  In  other  words,  the 
polymorphous  streptococcus  is,  under  certain  conditions,  sufficiently 
adapted  to  the  central  nervous  system  of  the  rabbit  to  survive  there, 
and  sometimes  sufficiently  pathogenic  to  produce  focal  lesions  in  the 
meninges,  cerebellum,  medulla,  cerebrum,  and  even  in  the  spinal  cord, 
and  to  thus  induce  cUnical  symptoms.  The  lesions  do  not,  however, 
partake  of  the  nature  of  the  characteristic  lesions  of  poliomyeKtis.^ 

Hence,  if  a  relation  e.xists  between  the  polymorphous  streptococcus 
and  the  filterable  virus,  the  latter  might  at  least  be  expected  to  ex- 
hibit a  fair  degree  of  abiHty  to  survive  in  the  brain  of  the  rabbit. 
As  the  protocols  which  follow  show,  the  period  of  survival  is  short. 

'  Unpublished  experiment. 
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Rabbit  A. — Nov.  21,  1916.  Under  eiher  anesthesia  0.5  cc.  of  a  suspension  of 
equal  parts  of  active  poliomyelitic  monkey  cord  and  isotonic  salt  solution  was 
injected  inlracerebrally.  The  rabbit  remained  well.  Dec.  14.  The  animal  was 
etherized  and  the  brain  removed  asepticaUy.  There  was  no  visible  lesion  at  the 
site  of  inoculation.  A  10  per  cent  suspension  of  the  brain  tissue  from  the  region 
below  the  point  of  needle  penetration  through  the  skull  was  prepared  for  injection 
into  a  Macacus  rhesus  (Monkey  C). 

Monkey  C. — Dec.  14,  1916.  Injected  intracerebrally  2  cc.  of  the  10  per  cent 
suspension  of  the  brain  at  the  site  of  inoculation  of  Rabbit  A,  which  had  received 
the  poliomyelitic  virus  22  days  previously.     The  monkey  remained  well. 

Rabbit  B. — Jan.  3,  1917.  Injected  heavy  suspension  of  poliomyelitic  virus 
according  to  the  method  already  described.  Jan.  16.  Killed.  There  was  no 
visible  lesion  at  the  site  of  inoculation.  From  the  brain  substance  surrounding 
the  site  of  inoculation,  a  10  per  cent  suspension  was  prepared  for  injection  into 
a  Macacus  rhesus  (Monkey  D). 

Monkey  D. — Jan.  16,  1917.  Injected  intracerebrally  2  cc.  of  the  10  per  cent 
suspension  of  brain  at  site  of  inoculation  of  Rabbit  B,  which  had  received  polio- 
myeUtic  virus  12§  days  previously.     The  monkey  remained  well. 

Rabbit  C. — Mar.  5,  1917.  Injected  intracerebrally  heavy  suspension  of  polio- 
myelitic virus  according  to  the  method  already  described.  The  rabbit  showed 
no  symptoms.  Mar.  12.  Killed.  There  was  no  visible  lesion  at  the  site  of  inocu- 
lation. The  brain  was  removed  asepticaUy  and  a  10  per  cent  suspension  of  the 
brain  substance  around  the  site  of  inoculation  was  prepared  for  injection  into  a 
Macacus  rhesus  (Monkey  E). 

Monkey  E. — Mar.  12,  1917.  Injected  intracerebrally  2  cc.  of  the  10  per  cent 
suspension  of  the  brain  at  the  site  of  inoculation  of  Rabbit  C,  which  had  received 
poliomyeUtic  \'irus  7  days  previously.    The  monkey  remained  well. 

Rabbit  D. — Apr.  3, 1917.  Injected  intracerebrally  a  heavy  suspension  of  active 
poliomyelitic  monkey  cord.  The  rabbit  remained  well.  Apr.  7.  Etherized  and 
brain  removed  asepticaUy.  No  visible  lesion  at  site  of  inoculation.  A  10  per 
cent  suspension  was  prepared  from  the  brain  tissue  at  the  site  of  inoculation  and 
injected  intracerebrally  into  a  Macacus  rhesus  (Monkey  F). 

Monkey  F. — Apr.  7,  1917.  Injected  intracerebrally  2  cc.  of  the  10  per  cent 
suspension  of  the  brain  at  the  site  of  inoculation  of  Rabbit  D,  which  had  received 
poliomyehlic  virus 4  days  previously.  Apr.  13.  Both  legs  paralyzed.  Apr.  14. 
Prostrate.     Apr.  15.    Died. 

Autopsy.—Tht  central  nervous  organs  showed  macroscopic  and  microscopic 
lesions  of  poliomyelitis. 

DISCUSSION   AND    SUMMARY. 

Suspensions  of  the  central  nervous  tissues  of  monkeys,  containing 
the  active  filterable  virus  of  poliomyelitis,  may  be  injected  into  the 
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brain  of  rabbits  without  setting  up  symptoms,  provided  the  volume  of 
injection  does  not  cause  dangerous  increased  intracranial  pressure. 

Aside  from  the  pressure  effects  which  develop  quickly,  no  other 
sj-mptoms  or  pathological  lesions  are  produced  by  the  suspensions. 

The  active  \irus  of  poliomyelitis  sur\-ives  in  the  brain  of  rabbits 
for  4  days,  as  determined  by  tests  in  the  monkey,  into  which  the 
excised  site  of  injection  in  the  rabbit  brain  is  reinoculated.  It  cannot 
be  detected  by  this  test  after  the  expiration  of  7  days. 

The\-irus  of  poliomyelitis  is  unadapted  to  the  rabbit,  and  neither  in- 
duces lesions  nor  survives  long  in  the  central  nervous  organs  of  that 
animal.  In  this  respect  it  differs  from  certain  streptococci  culti- 
vated from  poliomyelitic  tissues. 

A  monkey  immunized  to  streptococcus  cultivated  from  human 
poliomyelitic  nervous  tissues  yielded  a  serum  which  agglutinated  the 
streptococcus  in  high  dilution,  but  was  without  neutralizing  action  on 
the  filtered  virus;  and  the  streptococcus-immune  monkey  was  not 
protected  against  the  effects  of  an  intracerebral  inoculation  of  the 
filtered  virus. 

The  experiments  recorded  provide  additional  reasons  for  conclud- 
ing that  the  streptococcus  cultivated  from  cases  of  poliomyelitis 
differs  essentially  from  the  filterable  virus  and  is  not  the  microbic 
cause  of  epidemic  poliomyelitis. 
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A  STUDY  OF  THE  NITROGEN  METABOLISM  AND   OF 

ACIDOSIS  AFTER  THE  TRANSPLANTATION  OF  A 

URETER  INTO  THE  DUODENUM  IN  DOGS. 

By  KINGO  goto,  M.D. 

(From  the  Department  of  Surgical  Research  and  the  John  Eerr  Mnsser  Department 
of  Research  Medicine  of  the  University  of  Fennsylvania,  Philadelphia.) 

(Received  for  publication,  November  19,  1917.) 

Numerous  reports,  both  clinical  and  experimental,  have  discussed  the  feasi- 
bility of  implanting  a  ureter  into  some  part  of  the  intestinal  canal,  and  have  de- 
scribed methods  of  operative  procedure.  The  literature  was  reviewed  in  1909  by 
Steinke  (1),  who  concluded  that  the  results  show  that  under  certain  conditions 
the  ureter  may  be  transplanted  successfully.  The  failures,  however,  are  numer- 
ous, the  ultimate  results  uncertain,  and  a  fatal  termination  is  so  apt  to  occur  that 
no  definite  claim  for  the  operation  can  as  yet  be  made.  Most  experimental 
studies,  as  those  recently  made  by  Steinke  (1909),  Stewart  (2)  (1910),  and 
Sweet  and  Stewart  (3)  (1914),  have  been  especially  concerned  with  the  ascending 
infection  of  the  kidney  and  the  mechanical  dilatation  of  the  ureter  following 
operation. 

In  order  to  avoid  some  of  these  difficulties — peritonitis,  ascending  infection  of 
the  kidneys,  and  stenosis  of  the  ureteral  orifice  where  it  enters  the  intestine, 
with  resulting  hydroureter  and  hydronephrosis — Sweet  and  Stewart  devised  the 
following  method  of  operation. 

The  right  ureter  of  the  dog  is  isolated  and  severed  close  to  the  bladder,  and 
the  free  upper  end  passed  through  the  lumen  of  the  greater  pancreatic  duct  into 
the  intestine.  This  operation  is  made  possible  in  the  dog  by  the  fact  that  this 
animal  possesses  at  least  two  pancreatic  ducts,  both  of  which  are  separate  from 
the  bile  duct.  In  Sweet  and  Stewart's  series  (3)  eight  dogs  were  used,  and  in 
some,  nephrectomy  of  the  left  kidney  was  done  at  a  later  date.  In  none  of  the 
animals  was  there  evidence  of  infection  of  the  kidney,  but  in  some,  distinct  evi- 
dence of  obstruction  was  found,  and  in  all,  death  resulted  after  varying  intervals 
of  time  with  symptoms  suggestive  of  an  intoxication. 

In  experiments  such  as  those  cited  above  an  intoxication  in  the 
absence  of  infection  suggests  two  possibilities:  intoxication  from  (a) 
disturbance  of  kidney  function  or  (&)  absorption  of  urinary  constit- 
uents draining  into  the  intestine.     It  was  with  the  hope  of  throwing 
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some  light  upon  this  intoxication  that  the  present  study  was  under- 
taken at  the  suggestion  of  Dr.  Sweet. 

EXPERIMENTAL. 

Six  dogs  were  used;  in  two  a  ureter-intestinal  transplantation'  was 
performed  and  four  were  used  for  various  controls.  The  dogs  were 
kept  in  metabolism  cages  and  all  were  kept  on  the  same  dietary 
regime.  The  diet  contained  0.4  gm.  of  nitrogen  per  kilo  and  70  calo- 
ries per  kilo  o!'  body  weight.  It  consisted  of  beef  heart,  lard,  bread 
crimibs,  sugar,  a  little  salt  (2  gm.),  and  sufficient  bone  ash  to  ensure 
well  formed  feces.  The  food  was  mixed  with  about  300  cc.  of  water. 
During  each  period  of  collection  of  blood  and  urine  food  was  withheld. 
The  animals  were  catheterized  at  the  end  of  every  24  hours.  After 
each  catheterization  the  bladder  was  washed  out  and  the  wash  water 
added  to  the  catheterized  urine  and  that  which  was  voided  naturally, 
and  the  whole  made  up  to  a  definite  volume. 

The  study  of  the  urine  included  the  determination  of  the  total 
nitrogen,  urea  nitrogen,  and  ammonia  nitrogen.  For  the  determi- 
nation of  total  nitrogen  and  urea  nitrogen  in  the  urine  the  new  Ness- 
lerization  method  of  Folin  and  Denis  (4)  was  used,  and  for  ammonia 
the  aeration  method  of  Folin  and  Macallum  (5).  Blood  was  obtained 
by  aseptic  puncture  of  the  vena  jugularis  and  utilized  for  the  study 
of  the  non-protein  nitrogen,  the  urea  nitrogen,  and  carbon  dioxide 
content.  In  the  examination  of  the  blood  the  method  of  Folin  and 
Denis  (4)  was  used  for  the  determination  of  non-protein  nitrogen 
and  urea  nitrogen,  and  Van  Slyke's  method  (6,  7)  for  the  carbon 
dioxide  content.  Tests  for  ketones  with  Rothera's  method  (8)  were 
made  from  time  to  time.  All  analyses  were  made  in  duplicate  and 
sometimes  in  triplicate. 

The  operative  procedure,  as  carried  out  by  Dr.  Sweet,  consisted 
first,  in  transplantation  of.  the  right  ureter  into  the  duodenum  and 
then,  after  several  days,  the  removal  of  the  left  kidney.  In  all  the 
experiments  Period  A  refers  to  control  observations  before  the  first 
operation,  Period  B  to  observations  after  transplantation  of  ureter 
but  before  removal  of  the  opposite  kidney,  and  Period  C  to  observa- 

'  AH  operations  were  done  und;r  ether  anesthesia  by  Dr.  J.  E.  Sweet. 
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tions  after  removal  of  the  opposite  kidney.  During  Period  A  ani- 
mals were  studied  before  any  operative  procedure  for  periods  of  4 
days.  After  the  first  operation  several  days  were  allowed  for  re- 
covery from  the  acute  effects  of  the  operation,  and  another  period  of 
chemical  study  was  undertaken  (Period  B).  Under  Period  Bl  are 
given  the  results  obtained  with  animals  after  transplantation  of  the 
ureter,  and  under  Period  B2,  as  control,  the  results  with  animals 
in  which  the  ureter  was  ligated  and  sectioned  without  removal  of 
the  kidney.  After  the  opposite  kidney  was  removed  the  chemical 
studies  of  the  blood  were  continued  until  the  dog  died  (Period  C) . 
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It  is  obvious  that  in  Period  C  the  chemical  examinations  were  neces- 
sarily limited  to  the  blood. 

In  two  other  dogs  as  a  control  the  right  ureter  was  cut  and  ligated, 
but  as  one  developed  distemper  following  the  operation  the  results 
on  only  one  are  given  (Table  I,  Period  B2). 

The  general  results  are  shown  in  Table  I  which  gives  the  average 
results  for  all  animals  during  each  of  the  three  periods.  In  Tables 
II  and  III  the  results  in  Periods  B  and  C  are  given  in  detail  in  con- 
trast to  the  averages  of  Period  A. 

A  comparison  of  Periods  A  and  Bl  shows  that  in  the  latter  there 
is  a  moderate  increase  in  the  total  nitrogen,  urea  nitrogen,  and  am- 
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monia  of  the  urine  and  in  the  non-protein  nitrogen  and  urea  nitrogen 
of  the  blood.  Whether  this  is  due  to  retention  of  nitrogenous  sub- 
stances held  back  by  injury  to  the  kidney  ia  consequence  of  the  anas- 
tomosis, or  to  absorption  of  urine  from  the  intestine,  is  a  question 
which  we  shall  discuss  later.  The  change  is  relatively  slight  as  com- 
pared with  that  of  Period  C  in  which  a  true  nitrogen  retention  un- 
doubtedly exists.  In  Dog  1  the  probability  of  absorption  of  urinary 
constituents  from  the  intestine  cannot  be  entertained,  for  the  amount 
of  functioning  kidney  remaining  was  very  slight  and  urine  could  be 
forced  through  the  ureter  only  with  great  difficulty.  Here,  atrophy 
of  the  kidney  and  obstruction  to  the  ureter,  the  opposite  kidney  hav- 
ing been  removed,  led  to  renal  insufficiency  and  nitrogen  retention. 
In  Dog  5  the  atrophy  of  the  kidney  was  not  so  great,  and  ureteral 
obstruction  doubtful;  though  this  experiment  is  not  so  conclusive,  it 
supports  the  view  that  the  intoxication  is  due  to  retention  and  not 
to  absorption  from  the  intestine.  The  phenomena  of  Period  C  may 
be  dismissed,  therefore,  as  those  of  renal  insufficiency  and  analogous 
to  the  changes  observed  by  Karsner,  Bunker,  and  Grabfield  (9)  after 
removal  of  both  kidneys  at  consecutive  operations.  The  changes  in 
Period  C  in  the  carbon  dioxide  content  of  the  plasma  are  noteworthy. 
A  comparison  with  the  findings  in  Period  A,  the  control  period,  on  an 
identical  regime  as  regards  food  intake,  indicates  that  the  acidosis  is 
due  to  change  in  kidney  function.  The  search  for  ketones  in  these 
animals  was  negative.  That  all  the  changes  we  have  found  in  the 
blood  may  arise  after  removing  one  kidney  and  ligating  the  opposite 
ureter  is  shown  in  Table  IV. 

The  observations  in  Period  Bl  are  difficult  to  explain.  An  in- 
creased output  of  urea  and  ammonia  nitrogen  in  the  urine  and  at  the 
same  time  a  retention  in  the  blood  cannot  be  connected  with  either 
disturbed  elimination  or  absorption  of  urine  from  the  intestine.  Con- 
trol observations  on  this  point  were  unsatisfactory.  In  the  animal 
in  which,  as  control,  one  ureter  was  ligated  without  removal  of  the 
corresponding  kidney  (Period  B2),  the  urinary  output  of  nitrogenous 
bodies  increased  greatly  but  without  appreciable  change  in  those  of 
the  blood  (Table  I).  Also,  when  in  Period  B2,  of  the  experiment 
described  here,  urea  is  given  by  mouth,  the  nitrogen  of  both  urine 
and  blood  is  increased.     These  experiments,  since  they  throw  no 
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light  on  the  problem,  are  not  reproduced  in  detail.  Probably  both 
after  transplantation  of  the  ureter  (Period  Bl)  and  after  its  ligation 
and  section  without  removal  of  the  kidney  (Period  B2)  there  arises 
from  some  unknown  cause  an  increased  tissue  catabolism  accounting  for 
the  increased  blood  urea  and  non-protein  blood  nitrogen  in  Period  Bl 
and  for  the  increased  nitrogenous  excretion  in  the  urine  in  Period  B2. 
It  is  e\'ident,  however,  that  the  explanation  of  the  observations  in 
Period  Bl  must  await  more  detailed  and  more  carefully  controlled 
studies  in  which,  among  other  things,  the  duodenal  contents  must 
be  studied  as  to  their  content  of  nitrogen  or  other  urinary  constit- 


TABLE  IV. 

Dog  6. 


Blood. 

Non-protein  nitrogen 
per  100  cc.  of  blood. 

Urea  nitrogen  per 
100  cc.  of  blood. 

Carbon  dioxide  content 
of  plasma. 
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43 

uents,  both  in  normal  dogs  and  those  with  anastomosis,  in  order  to 
determine  whether  urine  enters  the  intestine  in  any  amount.  These 
observations  have  been  made  in  the  present  study,  but  are  not  satis- 
factory on  account  of  the  great  difficulties  of  control. 

The  marked  accumulation  of  non-protein  and  urea  nitrogen  in 
the  blood  in  Period  C  shows  that  the  transplantation  of  the  right 
ureter  into  the  duodenum  had  so  interfered  with  the  function  of  the 
right  kidney  as  to  render  it  inadequate  for  maintaining  renal  func- 
tion after  removal  of  the  left. 
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1 .  The  present  work  was  undertaken  to  study  the  metaboHsm  in 
the  dog  after  a  ureter-intestinal  transplantation.  Four  dogs,  Nos.  1, 
2,  5,  and  7,  were  originally  operated  upon.  Two,  Nos.  2  and  7, 
showed  kidney  infection;  the  other  two  were  not  infected,  and  in 
these  the  metaboHsm  was  studied;  one  of  the  latter  (No.  1)  showed  a 
marked  hydronephrosis  and  hydroureter. 

2.  Both  after  the  transplantation  of  the  right  ureter  into  the  intes- 
tine and  the  hgation  of  the  right  ureter,  there  is  generally  a  moder- 
ately increased  output  of  nitrogen  in  the  urine  and,  in  the  former 
instance  especially,  a  retention  of  nitrogen  in  the  blood,  but  no 
change  in  carbon  dioxide  content  in  the  blood.  The  significance  of 
this  is  probably  an  increased  tissue  catabolism,  the  cause  of  which  is 
doubtful  without  further  work. 

3.  After  removal  of  the  left  kidney  subsequent  to  transplantation 
of  the  right  ureter  into  the  duodenum,  renal  insufficiency  and  result- 
ing retention  developed.  The  non-protein  and  urea  nitrogen  in  the 
blood  steadily  increased  and  the  carbon  dioxide  content  of  the  blood 
diminished  to  the  level  characteristic  of  a  moderate  acidosis.  No 
ketones  were  found  in  the  blood  The  dogs  died  5  to  10  days  after 
the  nephrectomy  under  conditions  characteristic  of  suspended  renal 
activity — deep  respiration,  unconsciousness,  and  sopor. 

BIBLIOGRAPHY. 

1.  Steinke,  C.  R.,  Transplantation  of  the  ureters  into  the  gastro-intestinal  tract, 

Univ.  Penn.  Med.  Bull.,  1909,  xxii,  110. 

2.  Stewart,  L.  F.,  A  study  of  ascending  infection  of  the  kidney  carried  out  by  the 

method  of  transplanting  the  ureters  into  the  intestines,  Univ.  Penn.  Med. 
Bull.,   1910,  xxiii,  2.53. 

3.  Sweet,  J.  E.,  and  Stewart,  L.  F.,  The  ascending  infection  of  the  kidneys, ^'i/yg., 

Gynec.  and  Obst.,  1914,  xviii,  460. 

4.  Folin,  O.,  and  Denis,  W.,  Nitrogen  determinations  by  direct  Nesslerization, 

J.  Biol.  Chem.,  1916,  .xxvi,  473. 

5.  Folin,  O.,  and  Macallum,  A.  B.,  On  the  determination  of  ammonia  in  urine, 

/.  Biol.  Chem.,  1912,  xi,  523. 

6.  Van  Slyke,  D.  D.,  and  Cullen,  G.  E.,  Studies  of  acidosis.    I.  The  bicarbonate 

concentration  of  the  blood  plasma;  its  significance,  and  its  determination 
as  a  measure  of  acidosis,  /.  Biol.  Chem.,  1917,  xxx,  289.     Van  Slyke,  D.  D., 


458  NITROGEN   METABOLISM   .-USTD    ACIDOSIS 

n.  A  method  for  the  determination  of  carbon  dioxide  and  carbonates  in 
solution,  ibid.,  1917,  xxx,  347. 

7.  Goto,  K.,  A  study  of  the  acidosis,  blood  urea,  and  plasma  chlorides  in  uranium 

nephritis  in  the  dog,  and  of  the  protective  action  of  sodium  bicarbonate, 
J.  Exp.  Med.,  1917,  xxv,  693. 

8.  Rothera,  .•\.  C.  H.,  Note  on  the  sodium  nitro-prusside  reaction  for  acetone, 

/.  Physiol.,  1908,  x.x.xvii,  491. 

9.  Karsner,  H.  T.,  Bunker,  H.  A.,  and  Grablield,  G.  P.,  A  note  on  the  im- 

mediate effects  of  reduction  of  kidney  substance,  J.  Exp.  Med.,  1915,  xxii, 
544. 


METHOD  FOR   INTRAVENOUS   INJECTION  OF  GUINEA 
PIGS. 

By  PEYTON  ROUS,  M.D. 

(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  January  25,  1918.) 

A  great  drawback  to  guinea  pigs  as  experimental  material  lies  in 
the  difficulty  of  intravascular  injections.  Direct  cardiac  puncture  is, 
of  course,  readily  performed,  but  much  of  an  injected  fluid  may  escape 
into  the  pericardial  sac,  or  the  pleural  cavity,  and  the  operator  be 
none  the  wiser.  Dosage  is  well  controlled  when  the  jugular  vein  is 
used,  but  this  must  be  bared  by  incision,  and  day  to  day  injections 
are  well  nigh  impossible.  To  meet  the  requirements  of  such  work  a 
technique  has  been  devised  whereby  repeated  injections  may  be 
made  into  an  ear  vein. 

Most  guinea  pigs  have  relatively  large  ear  veins,  and  those  near 
the  margin  are  extemely  superficial.  They  lie,  indeed,  so  close  to  the 
surface  that  in  the  attempt  to  get  into  them  with  a  needle  the  vessel 
is  usually  transfixed  or  so  torn  that  hemorrhage  obscures  the  field. 
A  greater  obstacle  to  the  injections  is  encountered  in  immobilizing 
the  animal.  To  accomplish  this,  the  guinea  pig  is  placed  in  a  small 
wooden  box  with  a  U-shaped  opening  in  one  end  through  which  the 
head  is  thrust  (Text-fig.  1).  Extra  space  in  the  box  is  packed  with 
towelling,  and  the  lid  brought  down  and  secured,  with  a  flexible  wire, 
as  closely  as  the  respiration  will  permit.  Fixed  firmly  to  the  lid  are 
two  thin  plates  of  bone  which  project  horizontally  above  and  to  either 
side  of  the  guinea  pig's  head.  These  are  platforms  to  which  the  ears 
may  be  fixed  during  injection.  When  needle  and  syringe  are  ready, 
the  head  is  pressed  firmly  up  against  the  platforms  by  an  assistant,  and 
one  of  the  ears  is  drawn  over  and  fastened  lightly  with  a  rubber- 
covered  spring  clamp  (Text-fig.  1).  Then  the  injection  is  made, 
away  from  the  clamp,  into  a  marginal  vein  (Text- figs.  2  and  3) . 
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INTRAVENOUS   INJECTION   OF   GtriNEA   PIGS 


Text-Fig.  1.    The  animal's  head  is  pressed  iirmly  up  against  the  platforms,  to 
one  of  which  the  ear  is  fixed  with  a  rubber-covered  clamp. 


Text-Fig.  2.  With  the  thumb  the  car  is  held  flat  and  the  vein  distended. 
The  bevelled  side  of  the  needle  point  lies  against  the  vein  as  the  latter  is 
punctured. 

In  Text-figs.  2  and  3,  the  needle  represented  is  of  much  larger  caliber  than  that 
actually  employed. 
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Some  guinea  pigs  have  small,  indurated  ears,  the  veins  of  which  are 
not  readily  seen.  These  are  unsuitable  for  use.  Animals  with  black 
ears  are  a  somewhat  difficult  material.  In  any  instance  a  marginal 
vein  should  be  chosen  for  the  injection.  The  marginal  vessels  are 
not  merely  to  be  preferred:  they  are  the  only  ones  that  can  be  used 
satisfactorily.  The  central  veins,  while  larger,  lie  in  a  loose  tissue 
which  makes  them  difficult  to  pierce  and  renders  leakage  almost 


Text-Fig.  3.  The  vein  has  merely  been  punctured,  not  entered  further. 
Injection  proceeds. 

unavoidable.  When  the  veins  at  the  margin  are  used,  any  leak  is  at 
once  evident:  while  the  perivascular  tissue  is  ordinarily  so  tough, 
that  after  a  puncture  either  the  injection  proceeds  successfully  or"no 
fluid  leaves  the  syringe. 

The  needles  employed  should  be  fine  (about  No.  27  gauge,  Brown 
and  Sharpe) ,  rather  flexible,  and  at  least  half  an  inch  long.  Shorter 
ones  are  ordinarily  so  rigid  as  to  be  readily  forced  from  the  vein  by 
any  shght  movement.  It  is  important  that  the  needle  point  should 
be  bevelled  obtusely.  When  an  injection  is  given,  the  ear  is  held 
flat  for  the  moment  with  the  operator's  thumb  which  by  pressure 
distends  the  vein  (Text- fig.  2).     The  needle  is  turned   so   that  the 
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opening  in  it  faces  downward  against  the  vessel  as  this  is  pierced.  The 
merest  puncture  is  sufficient.  There  should  be  no  attempt  to  intro- 
duce the  needle  into  the  vein's  lumen.  All  that  is  necessary  is  for 
an  opening  to  be  made  in  the  vessel  which  will  come  opposite- the 
opening  in  the  needle.  The  tough  perivascular  tissue  prevents  any 
escape  of  material  to  either  side.  If  the  technique  has  been  good, 
yet  fluid  fails  to  enter  the  circulation,  the  occurrence  or  absence  of 
bleeding  when  the  needle  is  withdrawn  will  show  whether  the  vein 
has  been  punctured.  If  there  is  bleeding  the  needle  may  be  thrust 
again  into  the  little  puncture  wound,  and  now  injection  will  often  be 
successful.  When  large  quantities  of  fluid  are  to  be  injected,  the 
same  puncture  may  be  entered  repeatedly. 

The  syringe  should  be  absolutely  tight  and  should  contain  no  air, 
for  the  reason  that  successful  puncture  is  most  readily  told  by  the 
slight  jielding  of  the  piston  as  the  fluid  begins  to  enter  the  vein; 
and  this  sign  will  be  lacking  when  there  is  air  in  the  barrel. 

The  technique  has  been  described  at  length  because  strict  adher- 
ence to  it  means  success  instead  of  failure.  When  it  is  rightly  ap- 
plied, injections  up  to  4  cc.  are  not  difficult  and  may  be  accurately 
given  day  after  day.  The  work  is  much  less  difficult  than  the  injec- 
tion of  xnice  into  the  caudal  vein,  which  is  now  so  commonly  practised. 


A  STUDY  OF  THE  ANTISEPTIC  PROPERTIES  OF  CERTAIN 
ORGANIC  COMPOUNDS.* 

By  I.  J.  KLIGLER,  Ph.D. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  December  20,  1917.) 

Interest  in  the  selective  behavior  of  dyes  dates  back,  to  Ehrlich's  work  with 
methylene  blue.  However,  Stilling  was  probably  the  first  to  call  attention  to  the 
antiseptic  action  of  dyes  on  bacteria.  He  e.xamined  the  inhibitive  effect  of 
diphenyl-  and  triphenylmethane  dyes  and  recommended  auramine  and  methyl 
violet  as  good  antiseptic  agents.  Penzoldt  tested  a  series  of  dyes  and  found  that 
methyl  violet,  malachite  green,  etc.,  were  good  inhibitors.  Von  Drigalski  and 
Conradi  carried  the  idea  a  step  further  and  showed  that  some  aniline  dyes  in- 
hibited B.  typhosus  less  than  other  bacteria  present  in  feces  and  recommended  the 
use  of  crj'stal  violet  for  the  isolation  of  B.  typhosus  from  stools,  etc.  LoefHer,  and 
later  Conradi,  studied  this  phase  of  the  problem  more  thoroughly,  the  latter  testing 
about  400  dyes,  but  since  they  limited  their  observations  to  the  action  of  these 
substances  on  B.  typhosus,  they  contributed  nothing  new  concerning  the  specific 
behavior  of  the  dyes.  Churchman,  however,  developed  these  observations  and 
showed  that  certain  violet  dyes  (gentian  violet,  crystal  violet,  dahlia)  were  more 
inhibitive  for  Gram-positive  than  for  Gram-negative  bacteria.  These  findings 
were  confirmed  and  extended  byKrumwiede  and  Pratt,  who  studied  a  larger  series 
of  this  group  of  dyes. 

It  is  e\ddent  from  this  brief  review  that  the  triphenyhiiethane  dyes 
constitute  a  group  of  substances  toxic  to  bacteria  and  reacting  in  a 
partially  specific  manner  in  the  sense  of  Bechhold  and  Ehrhch.  But, 
owing  to  the  fact  that  the  investigators  were  more  absorbed  in  the 
practical  application  of  this  property,  little  is  known  concerning  the 
nature  of  the  action.  Since  my  problem  was  similar  to  theirs,  and 
since  their  extensive  investigations  resulted  in  only  a  partially  suc- 
cessful solution,  it  seemed  that  a  more  effective  attack  might  be  made 
possible  by  a  better  understanding  of  the  factors  concerned  in  the 
specific  affinity  manifested  by  these  dyes. 

The  noteworthy  fact  gathered  from  the  literature  is  that  all  the  dyes 
used  in  the  isolation  of  Bacillus  typhosus  (crystal  violet,  malachite 

*  Work  conducted  under  a  grant  from  the  International  Health  Board  of  The 
Rockefeller  Foundation. 
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green, brilliant  green), as  well  as  those  studied  by  Churchman  (gentian 
violet,  crj'stal  \'iolet,  dahlia),  belong  to  the  triphenylmethane  group. 
Diamine  or  triamino  triphenylcarbinol  may  be  considered  the  basis 
of  these  dyes.  Upon  treatment  with  acid,  these  dye  bases  are  con- 
verted into  dyes  themselves,  the  conversion,  as  is  commonly  accepted, 
being  accompanied  by  a  rearrangement  to  the  quinoid  form.  A 
series  of  homologous  dyes  may  be  produced  by  substituting  the  hy- 
drogen in  the  NH2  group  by  alkyl  or  aryl  radicals.  This  class  of 
substances  promised,  therefore,  to  be  a  good  starting-point  for  the 
study  of  the  structural  chemical  factors  involved  in  the  action  of 
dyes  on  bacteria.  A  series  of  representative  compounds  was  selected 
and  their  action  on  a  number  of  typical  bacteria  studied  quantitatively 
imder  carefully  controlled  conditions.'  It  soon  became  apparent 
that  it  would  be  desirable  to  extend  the  list  and  include  for  compari- 
son a  niunber  of  the  simpler  aromatic  amino  compounds.  Conse- 
quently, aniline,  toluidine,  and  some  of  their  alkyl  derivatives,  and 
a  few  other  related  compounds  were  tested.^ 

Technique. 

Substances  Used. — A  list  of  the  substances  used  and  their  chemical 
constitution  are  given  in  Table  I.  The  compounds  are  arranged  as 
nearly  as  possible  in  the  order  of  their  complexity.  The  list  is  by 
no  means  exhaustive.  Other  compounds  might  have  been  included 
but  were  not  easily  obtainable,  while  still  others  were  ruled  out  be- 
cause of  their  insolubility. 

Method. — The  details  of  the  method  used  in  testing  the  antiseptic 
property  of  a  given  compound  are  highly  important.  Although  com- 
parable and  fairly  constant  results  may  be  obtained  under  identical 
conditions,  a  variation  in  one  or  another  of  the  factors  involved  will 
cause  decided  fluctuations  in  the  results.  The  important  factors  to 
be  controlled  are  the  composition  and  reaction  of  the  medium  and 
the  condition  of  the  culture  used  in  the  test. 

'  On  account  of  the  war,  only  a  limited  number  of  the  compounds  selected  could 
be  obtained. 

"  The  dyes  used  were  all  Griibler's  and  were  presumably  fairly  pure.  The  au- 
ramine,  as  well  as  the  aniline,  toluidijie,  and  other  compounds  tested,  was  kindly 
furnished  by  Dr.  W.  A.  Jacobs  of  The  Rockefeller  Institute  for  Medical  Research, 
and  were  obtained  from  either  Kahlbaura  or  Schuchardt. 
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TABLE   I. 
List  of  Compounds  Used. 


No. 

Name. 

Formula. 

1 

Methylamine  (mono-). 

NH2.CH3.HCI 

2 

(di-). 

NH(CH3)..HC1 

3 

(tri-). 

N(CH3)3.HC1 

4 

Methyl  alcohol. 

CH3.OH 

5 

Ethyl 

CH3.CH2.OH 

6 

Ethylamine. 

NH2.C2H5 

7 

Diethylamine, 

NHCQHs), 

8 

Aniline. 

C6H5.NH2 

9 

Methyl  aniline. 

CeHs.NH.CHs 

10 

Dimethyl  " 

C6H6.N(CH,)2 

11 

Etliyl 

C6H6.NH.C2Hj 

12 

Diethyl      " 
o-Toluidine. 

C6H5.N(C2Hs)2 

C6H4.CH3.NH2 

13 

/ 

\nH2 

Utts 

14 

m-       " 

C6H4.CH3.NH2 

/ 

\nH2 

CH3 

15 

P-       " 

N-Methyl  o-toluidine. 

C6H4.CH3.NH2 
C6H4.CH3.NH.CH3 

CH3<^ 

\nH2 

16 

c 

x^ 

CH,        ^CH, 

17 

N-     "        p-       " 

C6H4.CH3.NH.CH, 

CH3/ 

^  \ 

^CHa 

18 

N-Dimethylo-    " 

C6H4.CH3.N(CH3)2 

c 

CH3     ^CH3 

19 

N-       "         p-    " 
a-Naphthylamine. 

C6H4.CH3.N(CH3)2 

CiJIs-NHj 

CH3/ 

^CH, 

20 

\ 

j>NH, 

\ 
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TABLE  I — Continued. 


No. 

Name. 

Formula. 

21 

Quinoline. 

,CH:  CH 
CeH^ 

^  N:CH 
.CHj.CHa 
CeH, 

^NH.CH, 

22 

Tetrahydroquinoline. 

,CH:  CH 

gh/      ! 

^    N:C.CHa 

23 

Quinaldine. 

Auramine. 
Malachite  green. 

~\ 

.CH, 

N 
^CH, 

.CH, 
N 
^CH. 

24 

/ 
HN  =  C 

\ 

25 

\_ 
yC„H, 
C— CeHj.NCCHj), 

^CeH,:  NCCHs):. 

CI 

26 

Victoria         " 

.CcHs.Ck 
C— CeHi.NCCHj): 
^CcH^NCCH,)., 

CI 

27 

Brilliant         " 

yCeHi 

C— CeHj-NfC^Hi), 

^CeH^rNCCoHi,) 
yCeHa.CHj.NH 

.CI 

28 

I'uch.sin  (acid). 

C— C6H4.NH2 

^C6H,:NH2.C1 
/C6n4.NHCII., 

C— C6H4.N(CH,;j 

29 

Mcthylviolctt  H. 

^CJl4:N(CH:,)s 

CI 
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TABLE  I — Concluded. 


No. 

Name. 

Formula. 

30 
31 
32 

34 

Crystal  violet. 
Gentian     " 
Methyl  green. 

Aniline  blue. 

Dahlia. 

yC6H4.N(CH3)2 
C— C6H4.N(CH3)2 

^C6H4:N(CH3)2.C1 
Mixture  of  crystal  and  methyl  violet  plus  dextrin. 

^  C6H4.N(CH3)2.CH3C1 
C         C6H4.N(CH3)2 

'^C6H4:N(CH3)2.C1 

yC6H3.CH3.NH.CiH4 
C— C6H4.NH.C,H6 

^CH*:  NH.CbHs.CI 

yC6H3.CH3.NH.C2Hj 
C— C6H4.NH.C2Hi 

^CtH,:  NH.C2H5.CI 

Composition  of  the  Medium. — That  the  presence  of  different  amounts 
of  colloidal  or  organic  matter  influences  the  action  of  dyes  is  well 
known.  This  is  equally  true  of  other  antiseptics.  An  idea  of  the 
effect  of  different  media  on  the  antiseptic  action  of  chemicals  is  ob- 
tained from  the  data  shown  in  Table  II.  In  these  tests  the  only 
variable  was  the  composition  of  the  test  media;  a  special  peptone 
broth  and  standard  beef  extract  broth  were  used.  It  is  clear  from 
the  results  that  although  the  characteristic  action  of  the  drug  is  not 
modified  by  the  medium,  the  effective  concentration  is  appreciably 
altered.  It  is  important,  therefore,  in  testing  a  large  number  of 
drugs,  to  use  a  medium  subject  to  as  little  variation  in  composition 
as  possible.     The  following  medium  proved  satisfactory:' 

Peptone 1.0 

Potassium  phosphate  (dibasic) 0.5 

Sodium  chloride 0.5 

Glucose 0.1 

'Fairchild's  peptone  was  used  throughout  the  investigation.  The  salts  and 
sugar  were  chemically  pure. 
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TABLE    II. 
Action  of  Antiseptics  in  Peptone  and  Nutrient  Broth  Respectively. 


Dilution. 

Test  media. 

Test  cultures.* 

2 

6 

17 

12 

14 

Dibromo-zS-naphthol. 

12,500 
25,000  1 
40,000 

Nutrient  broth. 
Peptone       " 

-t 
+ 

+ 

+ 

+  + 

+  + 

+  +  + 

+  +  + 
+  +  + 

+  +  + 

+  +  + 

+  +  + 
+  +  + 

+  +  + 

Hexamethylenetetramine 
quaternary    salt    of    p- 
chloroacetylaminotetrae- 
thyl  />' ,  p"-  diaminotri- 
phenylmethane. 

15,000   1 
30,000   1 

Nutrient  broth. 
Peptone       " 

Nutrient      " 
•  Peptone       " 

+ 
+ 

+ 
+ 

+ 
+ 

+  + 
+ 

+  +  + 

+ 

+  +  + 
+ 

+  +  + 
+  + 

Hexamethylenetetramine 
quaternary  salt  of  chloro- 
acetylethylamine. 

10,000 

20,000   1 
40,000 

Nutrient  broth. 
Peptone       " 

+ 
+ 

+ 

+ 

+ 

+  +  + 
+  + 

+  +  + 

+  + 
+  + 

*  The  numbers  of  the  cultures  correspond  with  those  given  in  Table  IV. 
t  —  indicates  no  growth;   *,+,++,+  +  +  indicate  the  relative  amount  of 
turbidity  at  the  end  of  24  hours. 

This  culture  fluid  varies  little,  if  at  all,  is  easily  prepared,  and  serves 
as  a  favorable  substratum  for  all  the  cultures  used  in  these  tests. 

Reaction  of  the  Medium. — The  reaction  of  the  test  medium  in  terms 
of  hydrogen  ion  concentration  is  of  even  greater  importance.  This 
fact  has  been  entirely  overlooked  until  recently  (Wright,  1917).  A 
few  preliminary  tests  showed  that  not  only  was  the  antiseptic  power 
affected,  but  the  specific  behavior  towards  different  organisms  was 
also  modified.  Typical  results  are  given  in  Table  III.  The  medium 
given  above  eliminated  this  factor,  because  it  had  a  constant  pH 
of  7.1,  the  reaction  usually  favorable  for  growth  of  bacteria;  also, 
since  it  required  no  adjustment,  it  was  not  subject  to  variation  on 
that  account. 
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TABLE   III. 

Eject  of  the  Reaction  of  the  Test  Medium  on  tite  Action  of  Antiseptics. 


Test  substance. 

Dilution. 

Reaction 

of  test 
medium.* 

Test  cultures,  t 

2 

6 

17 

12 

14 

Caffeine. 

1:  100 

PB 
6.2 

7.4 
8.2 

± 

- 

± 

+ 

± 

Hexamethylenetetramine    quater- 
nary salt  of  ^-chloroacetylamino- 
leukomalachite  green. 

1 :  10,000 

6.2 

7.4 
8.2 

+ 
+ 

+ 
+ 

+ 

+  +  + 

+  +  + 
+  +  + 

+  + 
+  + 

Dibromo-/S-naphthol. 

1:  12,500 

6.2 

7.4 
8.2 

- 

~ 

+ 

+  4- 
++  + 
+++ 

+  + 
+  + 
+  +  + 

Hexamethylenetetramine    quater- 
nary   salt   of   chloroacet\lethyl- 
amine. 

1 :  10,000 

6.2 

7.4 
8.2 

~ 

~ 

~ 

+ 
+  + 

± 

*  Nutrient  broth  was  used  in  all  these  tests.     A  quantity  of  broth  was  pre- 
pared and  tubed  and  N  acid  or  alkali  added  sterilely  to  give  the  desired  pH. 
t  The  cultures  and  symbols  are  the  same  as  in  Table  11. 

Test  Cultures. — The  condition  of  the  test  culture  was  the  tlaird 
important  factor  that  had  to  be  considered.  Variations  are  likely 
to  occur  either  because  of  lack  of  adaptation  to  the  test  fluid  or  on 
account  of  the  inherent  fluctuations  of  the  organism  itself.  To  elimi- 
nate the  former,  the  cultures  were  grown  in  the  test  broth  for  at  least 
3  days,  daily  subcultures  being  piade;  the  latter  were  partly  con- 
trolled by  using  wherever  possible  recently  isolated  organisms  and 
more  than  one  strain  of  each  type.  The  strains  used,  together  with 
their  origin  and  some  descriptive  remarks,  are  given  in  Table  IV; 

Procedure. — The  procedure  given  below  was  followed  throughout  the 
work.  The  peptone  broth  was  put  up  in  flasks  and  autoclaved.  5 
CO.  portions  were  then  pipetted  out  sterilely  into  sterile  test-tubes  and 
incubated  in  a  saturated  incubator  over  night.  Solutions  of  the  sub- 
stance to  be  tested  were  made  up  in  sterile  water  and  graded  amounts 
added  to  the  broth  to  give  the  desired  concentration.     The  stock  so- 
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Cul- 

ture 

Name. 

Source. 

Remarks. 

No. 

123 

B.  aero  genes. 

American  Museum  of  Nat- 

Indol — ;    Voges-Pros- 

ural  History. 

kauer  reaction  +; 
t>'pical. 

14 

B. 

Isolated  from  stool,  1916. 

Indol  -)- ;  Voges-Pros- 
kauer  reaction  — ;  not 
typical;  behaves  like 
B.  aerogcnes. 

24 

B.  doacm. 

American  Museum  of  Nat- 

Indol   — ;    Voges-Pros- 

ural  History. 

kauer  reaction  -|- ; 
does  not  liquefy. 

11 

B.  coli  (communis). 

Isolated  from  stool,  1916. 

Indol  -|-;  sucrose  — . 

13 

B.    " 

"     1916. 

"      +;      "      -. 

12 

B.    "    (communior). 

"     1916. 

"      +;      "      +. 

15 

B.    " 

"     1916. 

"      +;      "      +. 

17 

B.  typhosus. 

"            "     Patient    0.,  ' 

19 

B.     " 

1916. 
Isolated  from   Carrier  L.,  [ 

Agglutinated  with  ty- 

1916. 
Isolated   from  Carrier  C, 

phoid    serum.      Cul- 

20 

B.     " 

turally  typical. 

1916.                                  J 

2 

B.  dyscnteri(E  Flexner. 

Old    Institute    laboratory 

Maltose  -     (Hiss-Rus- 

stock. 

sell). 

24 

B.         "                " 

Isolated    by    Dr.    Smillie, 
1916. 

Maltose  -\-   (Fle.xner). 

26 

B. 

Isolated    by    Dr.    Smillie, 

Maltose  —     (Hiss-Rus- 

1916. 

sell). 

6 

B.         "         Shiga. 

Institute  stock  strain  (Gay) . 

Reacts  typically. 

27 

B. 

Isolated  by  Dr.  Smillie,  sum- 
mer, 1916. 

30 

B. 

Albany  stock  114  F. 

"              " 

21 

B.  proteus. 

Isolated  from  stool,  1916. 

106 

B.  subtilis. 

American  Museum  of  Nat- 
ural History. 

347 

Staphylococcus  aureus. 

American  Museum  of  Nat- 
ural History. 

lutions  were  made  up  of  such  strength  that  no. more  than  1  cc.  or 
less  than  0.1  cc.  had  to  be  added  to  give  the  proper  dilution.  The 
cultures  to  be  inoculated  were  filtered  through  sterile  cotton  filters, 
diluted  with  broth  to  give  uniform  turbidity,  and  a  large  standard 
loop  was  inoculated  into  the  broth  tubes.     The  tubes  were  then  incu- 
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bated  for  24  hours  and  the  growth  was  recorded  in  terms  of  degree  of 
turbidity.  This  gave  the  inhibitive  power  of  the  substance  in  24 
hours.  In  a  few  cases  the  ki  ling  power  in  2  and  24  hours  respec- 
tively was  ascertained  by  subculturing  the  broth  tubes  to  agar  slants. 
This  procedure  was  not  carried  out  systematically  because  of  the 
time  consumed  and  since  for  the  purposes  of  the  study  it  was  suffi- 
cient to  determine  the  inhibitive  property  in  a  constant  time  limit. 


The  results  are  given  in  Table  V.  The  compounds  used  are  ar- 
ranged in  the  order  of  their  increasing  antiseptic  power,  and  the  re- 
sults recorded  in  terms  of  the  highest  inhibiting  dilution  (first  row) 
and  the  dilution  which  just  failed  to  inhibit  (second  row).  These 
two  figures  indicate  the  I'mits  of  the  zone  in  which  the  inhibiting 
dilution  lies.  Whenever  the  diiJerence  between  the  two  figures  was 
too  great,  additional  tests  were  made  to  reduce  the  gap.  When  more 
than  one  test  was  made,  the  average  of  the  results  was  taken,  and 
when  more  than  one  strain  of  a  given  organism  was  used,  the  average 
for  the  type  is  given.  On  the  whole,  individual  strains  of  the 
typhoid,  dysentery,  or  aerogenes  bacilli  varied  but  little,  while  more 
decided  fluctuations  were  obtained  with  Bacillus  coli.  The  repeated 
tests  checked  fairly  closely  with  the  original  ones. 

The  facts  brought  out  in  Table  V  are  difficult  to  summarize.  In 
general,  it  is  clear  that  on  starting  with  anihne  or  its  mono-  or  dimethyl 
derivatives,  the  introduction  of  a  methyl  group  in  the  nucleus,  as 
seen  in  the  behavior  of  the  corresponding  toluidine  derivatives,  re- 
sults in  a  definite  increase  in  the  inhibitive  power  of  the  compound. 
This  is  also  evident  from  the  contrast  between  quinoline  and  quinal- 
dine.  Similarly,  the  antiseptic  property  is  enhanced  by  the  substi- 
tution of  either  methyl  or  ethyl  radicals  in  place  of  the  hydrogens  in 
the  NH^  group.  The  amount  of  increase,  up  to  a  certain  point  at 
least,  depends  on  the  number  and  character  of  the  alkyl  radicals  intro- 
duced. A  second  alkyl  produces  a  more  marked  rise  than  the  first, 
while  an  ethyl  group  is  more  effective  than  a  methyl  radical.  This 
general  phenomenon  is  also  observed  among  the  dyes.  Beginning 
with  fuchsin  there  is  a  progressively  increasing  antiseptic  action  which 
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runs  parallel  with  the  increase  in  the  number  of  methyl  or  ethyl 
groups.  The  triethyl  derivative  is  about  as  effective  as  the  hexa- 
methyl,  while  the  tetraethyl  is  the  most  active  of  the  series.  The  be- 
havior of  the  0-  and  /(-dimethyl  toluidines  indicates  that  position 
may  be  a  factor  in  determining  the  degree  of  antiseptic  action.  The 
effect  of  the  introduction  of  chlorine  into  the  benzene  nucleus  is 
seen  from  the  differences  between  malachite  green  and  victoria  green. 
This  effect  on  the  introduction  of  halogen  has  been  observed  before 
in  other  classes  of  compounds.  It  is  also  interesting  to  note  that  the 
substances  containing  two  aromatic  nuclei,  namely  naphthylamine, 
quinoline,  quinaldine,  and  the  diphenylmethane  dye,  auramine,  are 
more  potent  than  the  corresponding  monophenyl  derivatives,  whereas 
the  triphenyl  derivatives  are  the  most  active  of  the  substances  tested. 

It  would  seem,  then,  that  the  inliibiting  effect  of  these  substances 
is  due  on  the  one  hand  to  aniline  with  the  benzene  nucleus  as  its 
basis,  and  on  the  other  to  the  number  of  these  nuclei.  The  effect  is 
consistently  enhanced  by  the  addition  of  alkyl  radicals,  either  to  the 
nucleus,  or  to  the  amino  group.  The  number  and  character  of  these 
radicals  also  determine  the  degree  of  effectiveness. 

An  exception  to  the  general  phenomenon  of  the  increase  of  inhibitive 
action  produced  by  the  increase  in  the  number  of  alkyl  groups  is  seen 
in  the  anomalous  behavior  of  methyl  green.  This  substance  is  iden- 
tical with  crystal  violet,  with  the  exception  that  one  of  the  tertiary 
nitrogens  of  this  dye  has  been  changed  as  a  quaternary  salt  by  the 
addition  of  methyl  chloride.  Contrary  to  the  expectation  of  an  in- 
crease in  antiseptic  power,  this  dye  is  almost  inert.  It  is  also  note- 
worthy that  in  the  case  of  the  triphenyl  derivative  of  rosanihne,  aniline 
blue,  in  which  the  hydrogens  are  substituted  by  phenyl  groups,  there 
is  a  decided  reduction  in  inhibitive  action. 

In  some  respects,  these  results  are  in  accord  with  those  obtained 
by  other  workers  ^ith  other  classes  of  compounds.  The  well  known 
difference  between  phenol  and  cresol  and  the  observations  of  Jacobs, 
Heidelberger,  and  Bull  of  the  progressively  increasing  bactericidal 
action,  on  proceeding  from  the  dimethyl  to  the  diethyl  and  dipropyl 
derivatives  of  certain  quaternary  salts  of  hexamethylenetetramine, 
may  be  cited  as  instances. 
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While  it  is  possible  to  point  to  the  factors  concerned  in  the  en- 
hancement of  the  germicidal  power,  it  is  difficult  to  account  for  the 
specific  behavior  of  these  substances.  All  the  compounds  tested  are 
decidedly  more  active  against  the  Gram-positive  than  the  Gram-nega- 
tive bacteria.  This  is  true  as  well  of  aniline  and  its  methyl  deriva- 
tive as  of  auramine  and  the  triphenylmethane  dyes.  It  is  interest- 
ing to  note  that  while  aniline  and  its  derivatives  are  more  active 
against  Staphylococcus  aureus  than  Bacillus  subtilis,  the  converse  is 
true  of  the  dyes. 

Partial  specificity  becomes  most  marked  in  the  triphenyhnethane 
dyes.  This  is  particularly  e\-ident  in  their  more  potent  action  against 
the  Gram-positive  organisms  and  the  dysentery  bacilli.  Though  the 
dysentery  bacilli  are  exceedingly  sensitive  to  the  action  of  these  sub- 
stances, they  are  decidedly  less  so  than  the  Gram-positive  bacteria. 
These  dyes  are  also  markedly  inactive  against  Bacillus  aerogenes 
and,  with  the  exception  of  fuchsin,  are  more  inhibitive  for  Bacillus 
coli  than  for  Bacillus  typhosus. 

The  fact  that  all  these  dyes  behave  alike,  irrespective  of  the  num- 
ber and  character  of  the  alkyl  radicals,  indicates  that  the  molecule 
as  a  whole  is  concerned  with  the  partial  specific  action.  This  is 
in  accord  with  the  fact  that  three  of  these  dyes  have  been  used  in 
the  isolation  of  Bacillus  typhosus. 

Mention  should  be  made  of  the  side-light  which  the  behavior  of 
these  organisms  towards  this  group  of  substances  throws  on  their 
possible  relationship.  Bacillus  lyp/wsus  and  Bacillus  aerogenes  (also 
Bacillus paratyphosus  B)  are  more  sensitive  to  the  simple  aniline  deriva- 
tives and  less  so  to  the  dyes  than  Bacillus  coli.  The  latter,  as  well 
as  Bacillus  dysenterice,  is  relatively  much  more  sensitive  to  the  dyes 
than  to  the  aniline  compounds.  The  extreme  sensitiveness  of  the  dys- 
entery bacilli  to  the  action  of  the  dyes  is  especially  interesting.  While 
there  was  little  difference  between  the  behavior  of  the  two  classes, 
the  Flexner  cultures  invariably  showed  a  greater  tolerance  for  fuch- 
sin than  did  the  Shiga  bacillus.  Their  extreme  sensitiveness  to  this 
class  of  chemical  compounds  renders  it  unlikely  that  any  representa- 
tive of  the  group  may  be  found  that  will  be  of  service  in  isolating 
them  from  polluted  materials. 
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■       CONCLUSIONS. 

This  study  of  the  inhibitive  effect  of  aniline  and  some  of  its  deriva- 
tives and  of  the  triphenyknethane  dyes  on  certain  bacteria  warrants 
the  following  tentative  conclusions: 

1.  The  composition  and  reaction  of  the  medium  exert  a  marked 
influence  on  the  behavior  of  the  antiseptic.  The  higher  the  concen- 
tration of  organic  nitrogenous  compounds  (peptone)  in  the  medium, 
the  lower  is  the  effective  concentration  of  the  dye.  The  reaction  of  the 
medium  modifies  the  specific  action  of  the  antiseptic,  owing  probably 
to  an  alteration  in  the  bacterial  cell. 

2.  The  germicidal  action  of  the  compounds  is  a  function  of  the 
benzene  nucleus,  the  added  elements  or  radicals,  their  number,  and, 
in  the  case  of  the  dyes,  probably  the  quinoid  structure  of  the  nucleus. 

3.  As  far  as  tested,  the  increase  in  the  number  of  alky!  radicals 
increases  the  antiseptic  power.  Methyl  green  is  an  interesting 
exception  to  this  rule,  for  the  change  of  one  of  the  nitrogens  to  the 
quaternary  salt  is  accompanied  by  an  almost  complete  loss  in  in- 
hibitive action. 

4.  The  antiseptic  power  is  enhanced  to  a  greater  extent  by  an 
ethyl  than  a  methyl  group,  and  the  second  alkyl  produces  a  propor- 
tionately greater  increase  than  the  first.  It  appears  that  the  relative 
position  of  the  introduced  group  may  be  a  factor  in  determining  the 
relative  improvement  in  the  effectiveness  of  the  compound. 

5.  The  introduction  of  a  methyl  group  in  the  nucleus  consistently 
enhances  the  inhibitive  action  of  the  compound  and  its  alkyl  deriva- 
tives. This  is  evident  from  a  comparison  of  the  action  of  aniHne 
and  its  derivatives  with  that  of  toluidine  and  its  corresponding 
derivatives. 

6.  The  simple  aniHne  derivatives,  as  well  as  the  dyes,  are  more 
toxic  for  the  Gram-positive  than  the  Gram-negative  bacteria.  Of 
the  former.  Bacillus  siiUilis  is  more  sensitive  to  the  dyes  than 
Staphylococcus  aureus,  while  the  reverse  is  true  in  the  case  of  the 
aniline  compounds. 

7.  The  most  marked  specific  selective  effect  is  manifested  by  the 
triphenyknethane  dyes.  Bacillus  aerogenes  and  Bacillus  typhosus  pos- 
sess a  higher  resistance  to  these  substances  than  Bacillus  coll  or 
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Bacillus  dysenlericB.     The  last  is  exceedingly  sensitive.     This  par- 
tial specificity  is  apparently  a  function  of  the  molecule  as  a  whole. 
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In  an  earlier  communication  (1)  we  presented  the  results  of  a 
study  of  the  elimination  and  storage  of  iron  in  transient  experimental 
anemias  due  to  a  single  injury.  These  we  found  were  not  character- 
ized by  an  increased  elimination  of  iron  in  the  feces,  or  in  the  urine, 
except  as  an  accompaniment  of  hemoglobinuria.  On  the  other  hand, 
an  increased  storage  of  iron  in  the  hver  and  spleen  was  constantly 
observed.  These  observations  support  well  known  views  concerning 
the  power  of  the  body  to  conserve  iron,  and  suggest  that  some  other 
factor  besides  blood  destruction  must  be  operative  in  those  hemolytic 
anemias  in  man  characterized  by  excessive  elimination  of  iron  in  the 
feces.  The  natural  assumption  is  that  in  the  hemolytic  anemias 
there  exists  some  disturbance  of  the  mechanism  concerned  in  the 
retention  or  conservation  of  iron,  and  we  have  now  studied  a 
chronic  t^-pe  of  experunental  anemia  in  order  to  detennine  whether 
chronicity  may  be  a  factor.  In  the  present  series  of  experiments 
Trypanosoma  equiperdiim  has  been  used  to  cause  a  continuous  blood 
destruction  in  dogs.  It  was  hoped  that  in  the  long  continued  and 
progressive  anemia  so  produced  we  might  find  an  experimental  con- 
dition approximating  the  hemolytic  anemias  of  man.' 

EXPERIMENTAL. 

As  our  methods  of  experimentation  and  analysis  have  been  de- 
scribed in  a  previous  paper  (Ij,  they  need  not  again  be  given.     The 

'  Only  the  .study  of  iron  metabolism  is  presented  here.  For  a  general  descrip- 
tion of  these  experiments  see  Krumbhaar,  E.  B.,  Experimental  trypanosomiasis: 
T.  equiperdum  infection  in  the  dog,  /.  Infect.  Dis.,  in  press. 
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results  of  the  study  of  the  eh'mination  of  iron  in  the  feces  are  pre- 
sented in  Table  I,  in  which  are  given  also  some  figures  for  the  urine. 
The  urine  was  not  studied  in  all  experiments  inasmuch  as  our  earlier 
work  demonstrated  that  in  the  absence  of  hemoglobinuria  the  iron 
content  of  urine  does  not  vary.  Six  of  the  animals  were  infected 
with  trypanosomes  and  two  of  these  were  splenectomized.-  In  addi- 
tion the  table  presents  three  control  experiments  on  non-infected 
animals  with  studies  of  iron  elimination  before  and  after  splenec- 
tomy.' The  figures  are  in  accord  with  those  obtained  in  our  earlier 
study  (1)  of  transient  anemia  and  prove  conclusively  that  an  experi- 
mental anemia  with  continuous  blood  destruction  is  not  necessarily 
characterized  by  an  increased  elimination  of  iron  in  the  feces.  In 
this  connection  we  consider  Experiments  5  and  6,  in  which  splenectomy 
was  done  at  the  stage  of  severest  anemia,  very  important.  The 
removal  of  the  spleen  of  the  normal  dog,  does  not,  as  has  been  shown 
in  other  work  from  this  laboratory  (2),  lead  to  an  increased  elimina- 
tion of  iron,  but  no  observations  are  at  hand  concerning  iron  elimina- 
tion after  removal  of  the  spleen  in  an  anemic  dog.  Experiments 
5  and  6  offer  the  needed  evidence  to  show  that  iron  elimination  after 
splenectomy,  in  the  anemic  as  in  the  normal  dog,  remains  unchanged. 
In  Table  II  may  be  seen  the  figures  showing  the  distribution  of 
iron  in  the  spleen  and  liver.  The  normal  percentages  for  spleen  and 
liver,  as  we  have  shown  elsewhere  (1),  are  respectively  0.185  and  0.104. 
The  figures  for  trypanosome  anemia  are  sometimes  higher,  but  in 
general  are  in  accord  with  those  obtained  in  the  study  (1)  of  transient 
anemia.  Experiments  1,  2,  3,  4,  10,  and  11  are  simple  studies  of 
trj-panosome  anemia.  In  Experiments  12, 13,  and  14  arsenobenzol,-*  a 
tr^panocide,  was  given  to  delay  the  fatal  termination  in  the  hope  of 
obtaining  a  greater  accimiulation  of  iron  in  the  liver  and  spleen. 
These  animals  thus  suffered  a  severe  initial  anemia,  an  improvement 
as  the  tr}panosomes  disappeared  under  treatment,  and  eventually, 

-  These  operations  were  done  under  complete  ether  anesthesia. 

'  The  averages  of  all  figures  for  iron  elimination  in  the  earlier  study  are  as 
follows:  urine,  1.6  mg.  per  day;  feces,  18.9  mg.  per  day,  or  0.116  per  cent  of  dry 
weight. 

*  The  arsenobenzol  (Schamberg)  was  furnished  by  the  Dermatological  Re- 
search Laboratories  of  the  Polyclinic  Hospital,  Philadelphia. 
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with  the  reappearance  of  the  parasites  in  the  circulating  blood,  a 
recurrence  of  anemia,  tennmating  fatally.  Despite  the  long  course 
of  the  experiment  the  storage  of  iron  was  not  greatly  augmented  in 
either  liver  or  spleen.  The  results,  in  general,  are  in  accord  with  the 
work  of  Boycott  and  Price-Jones  (3),  who,  in  a  study  of  experimental 
trypanosome  anemia  in  the  rabbit,  found  the  iron  of  the  liver  to 
be  double  that  of  normal  animals  while  the  iron  of  the  spleen  was 
increased  twenty  times. 

In  Experiments  7,  8,  9,  18,  and  19  the  spleen-  was  removed  before, 
and  in  Experiments  5,  15,  16,  and  17  after  infection  to  see  whether 
the  absence  of  the  spleen  led  to  greater  storage  of  iron  in  the  liver. 
No  e\-idence  of  this  is  at  hand. 


TABLE  in. 
Iron  Elimination  in  Bile. 


Period. 

Iron. 

Dos  N'o 

Urine- 
bile 
mixture 
per  day. 

Feces  per  day. 

Remarks. 

20 

Nov.     1-  7 
"      11-17 

mg. 
1.84 

1.97 

mg. 

30.4 
36.4 

per   cent 

0.109 
0.123 

Nov.  1.     Bile  duct-ureter  anastomosis. 

21 

Nov.    1-7            1 .  75 
"      11-17            1.91 

"•     28-Dec.  4,   1.51 

1 

7.3 
6.7 
10.0 

0.119 
0.118 
0.127 

Nov.  1.     Bile  duct-ureter  anastomosis. 
Nov.  24.     Splenectomy. 

In  seven  animals  with  anemia  the  iron  content  of  the  kidney  was 
determined,  the  figures  varj'ing  from  0.044  to  0.067  per  cent  of  drj' 
substance,  essentially  normal  figures. 

In  another  series  of  experiments,  the  elimination  of  iron  in  the 
bile  was  studied,  in  order  to  determine  whether  a  loss  occurred  through 
this  channel.  For  the  collection  of  bile  we  used  the  method  of  Pearce 
and  Eisenbrey  (4),  which  consists  in  an  anastomosis,  after  removal  of 
one  kidney,  of  the  corresponding  ureter  with  the  bile  duct.-  By  this 
procedure  the  bile  passes  into  the  urinary  bladder  and  is  available, 
without  loss,  for  the  quantitative  chemical  examination  of  any  con- 
stituent not  present  in  the  urine.     As  we  had  at  hand  many  control 
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figures  for  iron  in  the  urine,  there  was  no  possibih'ty  of  confusion  as 
to  figures  for  iron  in  the  urine  and  bile  respectively.  In  Table  III  are 
shown  the  results  in  two  experiments.  The  figures  for  urine  and 
bile  combined  approach  so  closely  those  for  urine  alone  that  this  line 
of  study  was  abandoned  with  the  conclusion  that  in  the  dog  iron  in 
appreciable  amounts  is  not  eliminated  in  the  bile. 

However,  in  the  animals  with  bile  duct-ureter  anastomosis  an  in- 
creased storage  of  iron  was  found  in  the  spleen.     As  anemia  was  not 

TABLE    IV. 

Iron  Storage  in  the  Spleen  after  Exclusion  of  Bile  from  the  Intestine. 


Blood  picture. 

Date. 

Red  blood 
corpuscles. 

Rfmarks. 

20 

Nov.     7 
Dec.  14 

6,820,000 
7,600,000 

P" 

cent 

103 
105 

per 

cent 

0.498 

Nov.   1.     Bile  duct-ureter  anastomosis. 
Dec.  19.     Splenectomy. 

21 

Nov.    7 

"     17 

7,100,000 
6,680,000 

102 
108 

0.548 

Nov.    1.     Bile  duct-ureter  anastomosis. 
"     24.     Splenectomy. 

22 

Feb.     7 
Apr.  14 

6,020,000 
5,820,000 

86 
92 

0.253 

Jan.   23.     Bile  duct-ureter  anastomosis. 
Apr.   17.     Splenectomy. 

23 

Mar.  27 
May  22 

6,860,000 
3,830,000 

92 
35 

110 

45 

75 

0.472 

Feb.     6.     Bile  duct-ureter  anastomosis. 
Anemia  due  to  toluylenediamine. 
May  24.     .Autopsy. 

24 

Apr.   14 

May  15 

"     19 

6,610,000 
4,690,000 
5,210,000 

0.598 

Jan.   24.     Bile  duct-ureter  anastomosis. 
Anemia  due  to  toluylenediamine. 
May  24.     .\utopsy. 

produced  artificially  and  did  not  develop  spontaneously  in  three  ani- 
mals of  the  series  this  increased  storage  of  iron  is  difficult  to  explain. 
It  is  possible  that  the  loss  of  bile  from  the  intestine  may  have  been 
a  factor,  but  as  a  satisfactory  explanation  is  not  at  hand,  the  results 
are  given  in  Table  I\'  without  further  comment. 

SUMM.\RY. 

In  the  continuous  blood  destruction,  essentially  a  chronic  experi- 
mental anemia,  caused  by  in''ecting  the  dog  with  Trypanosoma  equi- 
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perdum,  no  increased  elimination  of  iron  is  observed  in  the  feces. 
The  storage  of  iron  in  the  h'ver  and  spleen  under  these  experimental 
conditions  is  somewhat  greater  in  amount,  but  of  the  same  general 
character  as  in  transient  experimental  anemia. 

Splenectomy  before  or  after  infection,  i.e.  the  development  of  ane- 
mia, influences  neither  the  elimination  of  iron  in  the  feces  nor  its 
storage  in  the  liver. 

The  retardation  of  the  course  of  the  trypanosome  infection  and 
thus  the  production  of  a  more  chronic  anemia  by  treatment  with  a 
trypanocide,  arsenobenzol,  likewise  does  not  afifect  iron  storage. 

These  experiments  have  therefore  failed  to  reproduce  the  changes 
in  iron  metabolism  seen  in  certain  of  the  chronic  hemolytic  anemias 
of  man. 

In  the  presence  of  a  bile  duct-ureter  fistula  the  iron  content  of  the 
mixture  of  urine  and  bile  is  not  appreciably  greater  than  that  of  the 
urine  alone.  In  the  dog,  therefore,  the  elimination  of  iron  in  the 
the  bile  would  not  appear  to  be  an  important  factor. 

On  the  other  hand,  when  bile  is  excluded  from  the  intestine  an 
unusual  storage  of  iron  occurs  in  the  spleen.  For  this  no  explana- 
tion is  offered. 
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A  STUDY  OF  THE  BLOOD  PRESSURE  BY  THE  METHOD  OF 
GAERTNER,  ESPECIALLY  IN  PATIENTS   SUFFERING 
FROM  FIBRILLATION  OF  THE  AURICLES.        ^ 

By  ALFRED  E.  COHN,  M.D.,  and  CHRISTEN  LUNDSGAARD,  M.D. 

(From  the  Hospital  oj  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  January  22,  1918.) 

INTRODUCTION. 

A  number  of  years  ago  Mackenzie  (1)  called  attention  to  the  difficulty  in  esti- 
mating the  blood  pressure  in  persons  suffering  from  fibrillation  of  the  auricles. 
There  was  general  agreement  that  the  difficulty  existed,  but  there  seemed  to  be 
no  method  for  improving  the  technique  of  making  clinical  determinations.  The 
beats  which  were  heard  first  by  auscultation  or  felt  first  on  palpation,  when  pres- 
sure in  the  cuff  system  was  allowed  to  escape,  continued  to  be  taken  as  the  measure 
of  the  systolic  pressure.  A  method  was  then  suggested  by  James  and  Hart  (2), 
later  called  the  fractional  method  by  Kilgore  (3),  by  which  not  the  maximum 
pressure  of  a  few  beats  is  taken  as  the  measure  of  pressure,  but  the  average  of  the 
systolic  pressures  of  all  the  beats.  Their  technique  consists  in  counting  for  1 
minute  the  number  of  beats  felt  below  the  brachial  cuff  at  the  radial  artery  at 
levels  10  mm.  of  mercury  apart.  The  figure  obtained  is  multiplied  by  the  level 
of  pressure,  all  the  products  are  then  added,  and  the  sum  is  divided  by  the  apex 
rate.  Slight  modifications  and  certain  extensions  of  the  method  have  since  been 
suggested  by  Kilgore.  He  employed  auscultation  in  addition  to  palpation,  es- 
pecially in  calculating  diastolic  pressure. 

This  method  presents  certam  difficulties,  but  before  considering 
them  we  vi^ish  to  review  again  certain  points  underlying  the  current 
clinical  technique  of  estimating  blood  pressure.  The  peripheral  ar- 
teries are  regarded  as  representing  an  elastic  reservoir  kept  filled  by 
the  action  of  the  heart.  It  is  the  tendency  of  this  reservoir  to  return 
to  a  position  of  rest,  and  in  doing  so  to  empty  itself  continuously  into 
the  smallest  arteries  and  capillaries.  By  this  effort  these  vessels  are 
kept  constantly  filled.'  So  far  as  the  constancy  of  the  filling  is  con- 
cerned it  makes  no  difference  whether  the  elastic  reservoir  is  filled  by 

'  Cases  in  which  there  is  a  capillary  pulse  are  exceptions  to  this  rule. 
4S7 
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volumes  of  blood  equal  in  amount  as  normally,  or  unequal  as  in  fibril- 
lation of  the  auricles;  or  whether  these  volumes  are  delivered  at  equal 
or  at  somewhat  unequal  intervals.  It  matters  only  that  the  total 
volume  in  succeeding  units  of  time,  minutes  for  instance,  is  kept  con- 
stant. Under  ordinary  circumstances  this  maintenance  of  constant 
volunie  is  accomplished  by  uniform  filling,  but,  failing  this,  it  can  be 
brought  about  by  a  compensating  increase  (or  decrease)  of  resistance 
offered  at  the  outflow  of  the  reservoir  system.  It  is  an  advantage  to 
have  the  minute  volume  output  of  the  left  ventricle  divided  in  roughly 
equal  fractions  throughout  the  minute.  The  point  at  which  the  reser- 
voir empties  into  the  smaller  vessels  may  be  regarded  as  the  point 
where  the  head  of  pressure  in  the  reservoir  becomes  effective.  We 
speak  then  of  the  "effective  pressure"-  at  this  point. 

The  clinical  habit  of  estimating  arterial  pressure  in  the  brachial 
artery  is  adopted,  not  because  the  pressure  here  is  especially  impor- 
tant, but  because  it  serves,  on  the  one  hand,  as  a  rough  indicator  for 
the  pressure  level  at  the  root  of  the  aorta  or  in  the  left  ventricle  itself; 
that  is,  a  difference  is  assumed  between  aortic  and  brachial  pressure, 
sufficiently  constant  to  permit  the  brachial  pressure  to  serve  as  a 
valuable  guide.  On  the  other  hand,  brachial  pressure  may  also 
serve  as  a  suitable  guide  for  judging  the  level  of  effective  pressure,  the 
pressure  at  the  e.\it  from  the  arterial  into  the  capillary  system.  So 
far  as  the  capillary  system  is  concerned,  there  is  no  difficulty  in  this 
convention  as  long  as  the  filling  of  the  reservoir  is  maintained  by 
even  and  uniform  strokes;  when  the  strokes  are  no  longer  uniform  as 
in  fibrillation,  the  difference  between  effective  pressure,  which  tends 
to  stay  constant  or  alters  only  within  narrow  limits,  and  brachial 
pressure,  which  varies,  must  fliuctuate  so  that  the  brachial  pressure 
can  no  longer  serve  as  an  index  of  effective  pressure.^ 

These  considerations  are  important  in  relation  to  the  technique  of 
estimating  systolic  pressure  when  the  auricles  are  fibrillating,  for  it 
is  precisely  in  this  condition  that  brachial  pressure  fluctuates  and 
fails  as  an  index  of  effective  pressure.  It  has  been  found  on  closer 
study  (3)  that  in  auricular  fibrillation  not  only  the  systolic,  but  also 

^  This  phrase  is  used  by  James  and  Hart  (2) . 

'  See  experiments  reported  by  Cohn,A.  E.,  and  Lundsgaard,  C,  J.  Exp.  Med., 
1918,  x.\vii,  50.S. 
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the  diastolic  pressure  of  succeeding  beats  varies.  These  fluctuations 
necessarih'  result  in  irregularities  in  the  pulse  pressure.  The  pulse 
pressure  does,  in  fact,  undergo  large  alterations  in  the  brachial  artery. 
Further  toward  the  periphery,  however,  the  pulse  pressure  becomes 
progressively  smaller,  until,  in  the  capillaries,  it  ceases  to  exist^  and 
the  flow  is  constant  and  continuous.  The  point  at  which  this  takes 
place  is  the  point  where,  as  has  been  said,  the  head  of  pressure  be- 
comes effective.  Here  a  constant  reading  can  be  obtained.  But 
since  for  clinical  purposes  no  practicable  technique  exists  for  this,  a 
point  just  proximal  to  the  capillaries  may  be  chosen.  In  the  srhall 
arteries,  of  the  size  of  the  digital,  the  pulse  pressure  is  small  and  alt^a- 
tions  from  mean  pressure  can  from  beat  to  beat  be  shown  to  be  rela- 
tively unimportant.''  For  taking  the  pressure  at  this  point  a  tech- 
nique already  exists.  It  is  the  method  formerly  employed  by  Gaert- 
ner  and  described  by  him  in  1899.(4).  The  values  obtained  may  be 
regarded  as  eft'ective  blood  pressure.  Readings  so  obtained  are  direct 
and  the  technique  is  simple.  B}-  this  method  we  have  taken  the 
blood  pressure  of  a  few  persons  suff'ering  from  fibrillation  of  the  auri- 
cles and  have  plotted,  parallel  to  these  curves,  others  made  day  after 
day  by  the  fractional  method  of  James  and  Hart,  with  the  view  of  as- 
certaining the  difference  between  the  brachial  and  digital  pressures. 
We  have,  in  addition,  studied  a  number  of  other  individuals,  some  with 
normal  and  some  with  abnormal  hearts,  but  all  having  hearts  the 
mechanism  of  which  was  normal. 

Technique. 

The  following  technique  was  employed.  One  finger, — the  ring 
finger, — was  rendered  bloodless  by  rolling  a  thick  rubber  ring  from 
the  tip  to  a  small  pneumatic  cuft'  which  was  applied  to  the  first  (base) 
phalanx.  The  cuff  corresponded  exactly  in  plan  to  that  of  von  Reck- 
linghausen except  that  it  was  2.5  cm.  wide  and  about  5  cm.  long.  The 
cuff  was  connected  by  pressure  tubing  to  a  mercury  manometer  as  in 
the  von  Recklinghausen  plan.  The  pressure  in  this  system  was  raised 
with  a  pump  after  the  finger  was  blanched  by  the  rubber  ring.  The 
ring  was  then  removed  and  the  pressure  in  the  manometer  cuff  system 

^  This  point  is  described  in  our  report,  /.  Exji.  Med.,  1918,  .^cxvii,  505. 
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allowed  to  fall  gradually  and  regularly.^  When  the  pressure  in  this 
system  falls  to  the  level  of  the  blood  pressure,  blood  begins  to  flow 
into  the  linger  distal  to  the  cuff  and  is  recognized  by  the  return  of 
color  in  the  finger.  After  a  little  practice  there  is  no  difficulty  in 
recognizing  the  return  of  color.  It  is  important  to  make  the  estima- 
tions with  north  Hght.  We  have  been  aided  in  seeing  the  return  of 
color,  even  in  the  very  anemic,  by  laying  the  finger  and  hand  to  be 
examined  on  a  dark,  blue-gray  cloth,  to  provide  a  proper  contrast.  It 
was  the  custom  to  read  the  pressure  in  each  case  10  times  and  to 
average  the  readings.  Of  153  determinations  the  range  was  1  to  5 
mm.  in  11  determinations;  6  to  8  mm.  in  69;  9  to  10  mm.  in  35;  11 
to  15  mm.  in  27;  16  to  30  mm.  in  7;  21  to  25  mm.  in  2;  and  26  to 
30  mm.  in  2.  That  is,  the  range  was  below  10  mm.  in  75  per  cent  of 
the  determinations.  In  many  instances  both  observers  made  inde- 
pendent readings.  When  that  was  done,  we  compared  the  averages 
in  twenty-sLx  instances  and  found  a  difference  of  2  to  4  mm.  Twice 
the  averages  differed  by  5  mm.;  twice  by  6  mm.;  once  by  7  mm.; 
twice  by  8  mm. ;  once  by  9  mm. ;  and  once  by  1 1  mm.  The  differences 
in  range  are  greater  than  were  found  in  the  estimation  of  brachial 
pressure  by  Kilgore  and  his  associates  (5)  but  not  so  great  as  to  render 
the  method  unserviceable.  As  an  example  of  the  method  followed, 
we  cite  the  figures  of  one  patient.  Case  2334  (Tables  I  and  II),  made 
by  two  observers. 

Studies  of  blood  pressure  by  Gaertner's  method  have  been  made 
with  the  view  of  comparing  the  readings  found  at  the  digital,  with 
those  taken  at  the  brachial  artery. 

Hayashi  (6),  in  StriimpeH's  clinic,  found  a  difference  of  about  20  mm.  between 
the  readings  taken  of  these  two  arteries  whether  they  were  made  in  children,  men, 
or  women,  in  infections,  or  in  cardiac,  vascular,  or  renal  diseases.  There  were 
fluctuations  in  his  figures  but  these  were  not  of  sufficient  importance  to  alter 
the  conclusion  that  the  fall  in  pressure  from  the  brachial  to  the  digital  vessels 
was  about  20  mm.    Doleschal  (7)  compared  the  pressure  in  the  radial  artery 

^  We  provided  for  the  gradual  and  regular  fall  in  pressure  by  placing  the  rubber 
bulb  which  served  as  a  pump  between  the  jaws  of  a  wooden  vice.  The  distance 
between  the  jaws  was  regulated  by  a  screw  turned  by  a  long  shank;  the  use  of  a 
long  shank  permits  more  uniform  motion.  As  the  screw  was  released,  the  jaws 
of  the  vice  were  separated  by  springs  properly  placed. 
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March  26,  1917. 


Tonomete 

r  readings. 

No.  I. 

No.  2. 

mm.  Eg 

mm.Bs 

93 

93 

89 

95 

92 

95 

88 

95 

87 

93 

91 

93 

94 

92 

95 

93 

94 

95 

93 

92 

Average 

91.6  =  92+^ 

93.6  =  94+2 

Blood  pressure  by  the  fractional  method. 


Auscultation. 

Pa  Ipation. 

Pressure. 

No.  of  beats 
heard 

No.  of  beats 
felt. 

Pressure. 

mm.ni 
140 
130 
120 
110 
100 

90 
80 
70 
60 
SO 

0 
31 
25 

9 

9 

21 
18 

7 

2 

0. 

0 
20 
22 
26 
61 

59 
61 
58 
60 
56 

mm.  II g 

130  X  20  =  2,600 
120  X    2  =     240 
110  X    4  =     440 
100  X  35  =  3,500 

6,780 
6780 

Average  pressure 130 

109 

Radial  rate 62 

Apical     "    62 
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taken  by  means  of  von  Basch's  sphygmomanometer  with  that  taken  by  Gaertner's 
tonometer  and  found  uniformly  that  the  tonometer  readings  were  lower  than 
those  taken  with  von  Basch's  instrument.  These  results  were  naturally  to  be 
expected,  and  show  that  even  where  the  pressure  differences  are  probably  small, 
as  in  the  case  of  the  radial  and  digital  arteries,  the  tonometer  readings,  as  we  an- 
ticipate, are  lower.  Of  200  cases,  for  instance,  the  readings  showed  differences  up 
to  5  mm.  in  89,  to  10  mm.  in  80,  lo  l.S  mm.  in  10,  to  20  mm.  in  6,  and  from  20 
to  40  mm.  in  6. 

Our  experience  corresponds  closely  with  that  of  Hayashi  and  Dole- 
schal,  for  we  have  found  uniformly  that  the  tonometer  readings  at 
the  digital  arteries  are  always  lower  than  the  brachial  readings.  In 
eight  normal  individuals  we  found  the  average  difference  to  be  20 
(19.8)  mm.,  the  maximum  being  30  mm.,  the  minimum  5  mm.  (Table 
III). 

TABLE   ni. 


No.  of  individual. 

Brachial  systolic 
pressure  by  auscultation. 

Tonometer. 

DiSerence. 

1 

2 
3 
4 
5 
6 
7 
8 

mm.  Bs 

no 

120 
116 
119 

no 

114 
120 
109 

mm.  ng 

96 
92 
97 
98 
96 
109 
90 
81 

mm.Bs 

14 
28 
19 
21 
14 
5 
30 
28 

19.8 

In  the  patients  suffering  from  chronic  heart  disease  and  chronic 
nephritis  (Table  IV),  in  whom  the  mechanism  of  the  heart  beat  was 
normal,  the  average  difference  between  the  two  was  25  mm.  in  all 
cases,  the  range  being  from  6  to  80.  If  two  cases  (Nos.  10  and  12), 
suffering  from  complete  heart  block,  are  omitted,  the  average  is  18 
and  the  range  6  to  30.     These  values  do  not  differ  from  normal. 

If  the  cases  are  arranged  according  to  the  height  of  the  brachial 
pressure,  no  correspondence  between  this  and  digital  pressure  is  ob- 
served. The  reason  probably  depends  on  the  instability  known  to 
exist  in  the  vasomotor  mechanism  in  different  individuals.     It  is  pre- 


NoA'.  Apr 

1316     20     22     24     Z6    28 

mm. 

110 
100 

90 

80 


Brachial  pressure  estimated  by  the  method  of  auscultation. 


Brachial  pressure  estimated  by  palpation. 

Digital  pressure. 

Text-Fig.  1.     Curves  of  the  brachial  and  digital  pressure  of  an  individual  it 
whom  the  circulation  was  normal. 


,,      Id  16    20     22    24    26 

mm- 
120 

no 

100 
90 
60 


Text-Fig.  2.     Curves  of  the  brachial  and  digital  pressure  of  an  individual  in 
whom  the  circulation  was  normal. 
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cisely  in  the  smaller  vessels  that  labihty  is  observed,  so  that  fluctua- 
tion is  expected  in  the  digital  rather  than  in  the  brachial  artery.  It  is 
for  this  reason  that  the  readings  in  the  two  arteries  are  not  parallel. 
In  some  respects  the  violent  fluctuations  in  digital  pressure  present 
difiiculties,  so  that  as  a  guide  for  comparison  pressure  in  the  digital 
artery  is  unsatisfactory.  The  question  arises,  however,  whether  the 
difficulty  which  is  found  is  not  of  clinical  importance,  and  whether  it 
ought  not  to  be  emphasized  rather  than  evaded  entirely  as  is  now 
done  in  estimating  pressure  only  at  a  point  such  as  the  brachial  ar- 


Case  No. 

Hospital  No. 

Rate. 

Brachial  systolic 
pressure. 

Tonometer. 

Difference. 

mm.  Eg 

mm.Bs 

mm.ng 

1 

587 

80 

84 

65 

19 

2 

2915 

86 

100 

84 

16 

3 

2069 

109 

103 

73 

30 

4 

2681 

96 

145 

126 

19 

.S 

2867 

83 

134 

106 

28 

6 

2862 

82 

145 

128 

17 

7 

2961 

90 

153 

147 

6 

8 

2907 

82 

160 

139 

21 

9 

2336 

85 

176 

169 

7 

10 

1266 

30 

176 

135 

41 

11 

2992 

92 

180 

162 

18 

12 

2833 

30 

250 

170 

80 

Average 

25.1 

tery  where  the  least  variation  is  found.  We  recall  that  the  method 
of  Gaertner  was  practically  abandoned  because  of  the  fluctuations 
inherent  not  so  much  in  the  technique  as  in  the  artery  itself.  Further- 
more, the  matter  is  important  on  account  of  questions  associated 
with  fluctuations  in  oxygen  imsaturation  in  the  venous  blood  of  the 
arm  such  as  Lundsgaard  (8)  has  found.  These  phenomena  may  find 
their  explanation,  in  part,  in  facts  like  those  which  are  shown  here. 

Curves  of  the  brachial  and  digital  pressure  of  two  individuals  in 
both  of  whom  the  circulation  was  normal  illustrate  these  points.  In 
the  first  instance  (Text-fig.  1)  the  pressure  in  the  brachial  artery  fluctu- 
ated within  the  usual  narrow  limits  from  104  to  118  mm.,  a  range  of 
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14  mm.  Parallel  digital  pressure  fluctuated  between  75  and  85  mm., 
a  range  of  10  mm.  The  digital  pressure  was  more  constant  than  the 
brachial.  In  the  second  instance  (Text-fig.  2)  the  brachial  pressure 
fluctuated  between  116  and  126  mm.,  a  range  of  10  mm.,  while  the 
digital  pressure  fluctuated  between  76  and  106  mm.,  a  range  of  30 
mm.,  or  three  times  as  great  as  the  brachial  pressure.  We  expected 
the  peripheral  circulation  of  the  first  individual  to  be  stable,  but  in 
the  second  we  anticipated,  because  of  the  frequent  rapid  alterations 
of  vasomotor  tone  seen  in  phenomena  like  dermatographia,  that  it 
was  labile.  Studies  of  blood  flow,  or  oxygen  unsaturation,  already 
mentioned,  had  indicated  that  phenomena  of  the  nature  we  are  now 
emphasizing,  existed  to  explain  the  obscure  facts  relating  to  flow. 
There  is  reason,  therefore,  to  think  that  in  studies  like  this,  facts  of 
importance  may  be  found. 

In  this  connection  a  consideration  of  the  records  of  a  patient 
(Text-fig.  3)  are  important.  This  individual  suffered  from  chronic 
nephritis  and  heart  failure ;  he  was  at  first  edematous  and  orthopneic 
and  had  a  high  pressure  and  an  alternating  pulse.  The  digital  pressure 
fluctuated  between  132  and  189  nun.,  a  range  of  57  mm.  But  the 
brachial  systolic  pressure  fluctuated  almost  as  violently  between  143 
and  192  mm.,  a  range  of  49  mm.  In  this  instance  the  fluctuations 
are  almost  parallel  and  indicate  that  they  depend  on  alterations  in 
the  functional  state  of  the  heart  rather  than  on  fluctuations  in  vaso- 
motor tone.  These  three  cases  show  that  there  are  instances  in  which 
simultaneous  brachial  and  digital  readings  are  of  value.  But  we  have 
cited  them  in  addition  to  show  that  of  the  two  arteries,  the  blood 
pressure  is  uniformly  higher  in  the  one  more  centrally  placed;  the 
curves  of  the  two  do  not  cross. 

OBSERVATIONS. 

Our  especial  interest  was  directed  to  the  study  of  the  relation  of 
digital  to  brachial  pressures  in  individuals  suffering  from  fibrillation 
of  the  auricles.  We  studied  four  patients  in  detail.  The  pressure 
curves  made  by  the  tonometer  method  are  not  remarkably  different 
from  those  found  when  the  mechanism  of  the  heart  beat  is  normal. 
But  when  the  digital  pressure  curves  are  compared  with  the  brachial 
pressures  obtained  by  the  method  of  fractional  readings  devised  by 
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Text-Fig.  4.     Curves  of  the  brachial  and  digital  pressure  of  an  individual  in 
whom  the  auricles  were  fibrillating.    The  curves  cross  once. 
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Text-Fig.  5.  Curves  of  the  brachial  and  digital  pressure  of  an  individual  in 
whom  the  auricles  were  fibrillating.  The  curves  cross  twice.  The  upper  curve 
represents  pressure  in  the  brachial  artery  determined  by  the  method  of  ausculta- 
tion, except  where  indicated  by  an  asterisk.  The  lower  curve  represents  digital 
pressure  taken  by  Gaertner's  method. 
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James  and  Hart,  difficulties  occur.  In  the  first  place,  the  taking  of 
readings  requires  as  many  minutes  or  half  minutes  as  there  are  levels 
at  which  pressure  is  read.  During  this  time  the  state  of  the  vessels 
does  not  remain  the  same,  the  number  of  sounds  heard  or  beats  felt 
at  one  level  may,  after  3,  4,  or  5  minutes,  alter  appreciably;  some- 
times, indeed,  no  reliable  count  is  possible.  To  avoid  continuous 
pressure,  we  invariably  reduced  the  pressure  to  zero,  for  at  least  1 
minute  between  successive  readings,  although  the  length  of  the  ex- 
amination was  thereby  doubled.  The  procedure,  however,  did  not 
remove  the  difficulty.  The  e.xplanation  for  this  may  depend  on  a 
nimiber  of  causes  related  to  the  auscultatory  method,  possibly  to  the 
formation  of  the  sounds.  But  another  cause  also  deserves  consider- 
tion.  Compression  of  the  brachial  vessels  for  so  long  a  time  may  alter 
the  partition  of  the  blood  stream  so  that  an  increasing  fraction  passes, 
uncompressed  by  the  cufif,  in  the  medullary  vessels  of  the  bone  or  in 
vessels  protected  by  the  gwoves  on  its  surface.  This  explanation 
implies  a  rapid  increase  in  the  area  of  the  collateral  vessels,  but  there 
is  reason  for  believing  that  it  may  take  place.  It  has,  on  the  other 
hand,  been  observed  that  the  difficulty  may  develop  gradually.  If 
absent  at  lirst,  it  increases  as  the  daily  examinations  proceed.  The 
establishment  of  the  collateral  circulation  need,  therefore,  not  be 
abrupt.  The  factors  involved  in  the  production  of  the  sounds, 
whether  produced  b}-  the  mechanism  of  the  water-hammer  or  other- 
wise, may  also  change.  Whether  these  are  the  occurrences  which 
actually  take  place  and  are  the  ones  responsible  for  the  difficulty  we 
tare  considering,  is  of  secondary  importance.  The  sounds  in  any 
ev.ent  do  not  remain  sufficiently  distinct  in  many  individuals  to  make 
auscultation  reliable  as  the  basis  of  the  fractional  method.  For  the 
reasons  stated,  counting  the  beats  by  palpating  the  radial  artery  also 
offers  difficulties.  We  have,  therefore,  in  two  cases  counted  the  rate 
in  the  radial  artery  by  palpation  as  well  as  in  the  brachial  by  ausculta- 
tion. In  one  case  in  which  it  was  satisfactory,  we  used  the  auscul- 
tatory method  alone. 

A  second  difficulty  is  that  the  curve  of  average  brachial  pressure 
occasionallj-  crosses  and  is  lower  than  the  level  of  digital  pressure 
taken  on  the  same  day.  A  crossing  of  the  two  curves  had  not  been 
observed  bv  others  and  was  not  seen  in  our  studies  of  individuals  the 
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mechanism  of  whose  hearts  was  normal.  The  crossing  of  the  curves 
is,  moreover,  inconceivable.  In  Case  13  (Table  V)  crossing  was  ob- 
served once  in  eleven  observations  (Text-fig.  4);  in  Case  14  (Text-fig. 
5)  twice  in  twelve  observations;  in  Case  15  (Text-fig.  6)  once  in  seven- 
teen observations  when  the  fractional  pressure  was  taken  by  palpa- 
tion, but  not  if  taken  by  auscultation;  in  Case  16  (Text-fig.  7)  thirteen 
times  (in  two  they  were  equal)  in  nineteen  observations  if  taken 
by  palpation,  and  five  times  in  twenty  observations  if  taken  by 
auscultation. 

TABLE    V. 


Crossing. 

Case  No. 

Hospital  No. 

No.  of 
obsen'ations. 

Observed  by  method 
of  palpation. 

Observed  by  method 
of  auscultation. 

13 

3007 

11 

1 

14 

2548 

12 

1 

1 

15 

2683 

17 

1 

•16 

2334 

ri9 

\20 

13 

5 

Although  the  number  of  patients  studied  is  not  large,  the  fact 
that  in  each  of  them  the  fractional  method  of  estimating  pressure 
gave  readings  for  the  brachial  artery  lower  than  for  the  digital  is 
important.  The  finding  makes  it  desirable  to  review  the  opportuni- 
ties for  error. 

An  average  pressure  can  no  doubt  be  obtained  by  the  fractional 
method.  But  even  if  the  result  is  obtained  free  from  the  technical 
errors  already  discussed,  and  from  one  other  now  to  be  considered, 
it  would  probably  be  incorrect  because  it  is  not  possible  to  regard 
the  circulation  as  is  usual  in  physical  phenomena.  In  order  to  do 
this  the  value  of  one  cycle  ought  to  be  directly  comparable  with 
another  in  terms  of  its  numerical  equivalent.*  To  regard  it  in  this 
manner  is,  however,  impossible.  If,  for  instance,  a  ventricular  cycle  is 
unable  to  lift  the  aortic  valves,  this  cycle  is  of  no  importance  in  in- 
creasing or  even  in  maintaining  the  pressure  in  the  arterial  reservoir. 
It  has  no  functional  value  and  ought  not  to  be  included  in  calculating 
the  average  pressure ;  it  tends  merely  to  lower  the  value.     The  only 

*  Kilgore  has  considered  this  matter  in  a  similar  manner. 
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ventricular  cycles  which  can  have  an  influence  on  the  pressure  in  the 
arteries  are  those  the  systoUc  value  of  which  is  greater  than  diastolic 
pressure.  But  as  far  as  maintaining  the  driving  force  of  the  circula- 
tion is  concerned,  that  is  the  head  of  pressure  represented  by  the  differ- 
ence between  systolic  and  diastolic  pressure,  not  all  the  cycles  having 
a  systoHc  value  above  diastolic  pressure  are  equal.  Many  having  a 
low  value  need  have  no  significance  in  maintaining  the  effective  pres- 
sure. In  cases  where  the  rate  is  low,  and  where  there  is  no  pulse  def- 
icit, whether  the  rhythm  is  regular  or  irregular,  both  a  high  systolic 
and  a  high  diastolic  level  can  be  maintained.  This  is  observed  in 
cases  of  complete  heart  block.  Of  two  such  cases  studied,  the  bra- 
chial systolic  pressure  in  one  was  250,  the  diastoUc  90,  and  the  digital 
pressure  170;  and  in  the  other  the  systolic  pressure  was  176,  the  dias- 
tolic 63,  and  the  digital  pressure  164.  It  is  apparent  that  additional 
ventricular  beats,  if  they  are  ineffective,  whether  able  to  lift  the  aortic 
valves  or  not,  would  have  no  significant  influence  on  these  figures. 
The  rate  in  both  cases  was  about  30.  A  few  cycles  of  great  power 
can  therefore  maintain  a  high  head  of  pressure.  We  infer  from  this 
that  30  to  40  beats  at  a  given  pressure,  130  mm.  for  instance,  are  suf- 
ficient to  maintain  effective  pressure  close  to  this  level.  If  additional 
40  to  60  beats  having  low  systolic  pressure  values  are  introduced  into 
the  calculation  the  numerical  value  given  to  the  pressure  is  merely 
reduced  and  no  added  light  is  thrown  on  the  actual  circulatory  condi- 
tion. And  if  ventricular  cycles  that  do  not  even  develop  force  suf- 
ficient to  open  the  aortic  valves  are  included,  the  average  pressure  is 
still  further  depressed. 

In  estimating  the  systolic  pressure  in  fibrillation  of  the  auricles, 
therefore,  the  fractional  method  is  defective.  A  substitute  is  readily 
found  in  the  use  of  the  tonometer  method  of  Gaertner.  By  its 
means  satisfactory  readings  are  possible.  One  should  remember,  how- 
ever, that  the  readings  so  obtained  tend  to  be  about  20  mm. 
lower  than  the  pressure  in  the  brachial  artery.  As  a  rough  method 
for  estimating  the  pressure  in  fibrillation,  it  appears  to  us  to  be 
sufficient  to  find  rapidly  the  level  of  pressure  in  the  brachial  artery 
at  which  about  40  beats  per  minute  occur;  this  point  is  not  far  re- 
moved from  the  effecti\e  pressure  about  which  information  is  actu- 
ally required.  It  avoids,  furthermore,  the  appearance  of  numerical 
accuracy,  where  accuracy,  as  Mackenzie  pointed  out,  is  impossible. 
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In  two  patients  (Nos.  13  and  16),  the  subjects  of  fibrillation  of  the 
auricles,  we  were  able  to  study  the  effect  of  digitalis  on  the  brachial 
and  digital  pressures.  In  the  first,  after  giving  digitalis  for  about  8 
days,  there  was  a  slight  lowering  of  the  digital  curve  (Text-fig.  4) 
from  97  to  74  mm.  But  in  the  period  before  this,  readings  of  80  to 
85  mm.  were  recorded  and  a  reading  of  84  was  found  later  in  the  treat- 
ment. The  influence  of  digitalis  in  this  instance  cannot,  therefore, 
be  called  striking.  In  the  second  case  (Text-fig.  7)  there  were  three 
digitalis  periods  separated  by  14  or  more  days  during  which  1,  1.6, 
and  2.9  gm.  were  given.  In  each  digitaUs  period  the  digital  pressure 
fell,  rising  again  during  the  intervals  between  administrations.  In 
the  first  interval  the  pressure  rose  from  83  to  108  mm. ;  in  the  second 
interval  from  85  to  122  mm.;  in  the  third  interval  from  83  to  112  mm. 
It  is  the  usual  experience,  when  the  mechanism  of  the  heart  is  normal, 
to  find  little  or  no  alteration  in  brachial  blood  pressure  during  digitalis 
administration.  Whether  this  is  true  when  the  auricles  are  fibrillat- 
ing,  is  unknown.  The  fractional  blood  pressure  curve  in  this  patient 
taken  either  by  palpation  or  auscultation  is  unsatisfactory,  so  that 
the  record  of  its  behavior  is  not  valuable.  Nor  is  it  possible  to  con- 
struct a  brachial  curve  based  on  the  levels  at  which  about  40  beats 
were  heard  or  felt  because  the  counts  due  to  the  long  examination 
made  necessary  by  the  fractional  method  are  inaccurate.  These  ob- 
servations permit  us  to  state  merely  that  we  observed  not  a  rise  but 
actually  a  fall  in  digital  pressure  during  digitalis  administration.  The 
subject  requires  further  study. 


The  function  of  the  arteries  as  an  elastic  reservoir  between  the 
heart  and  the  capillaries  is  reviewed.  The  appropriateness  of  select- 
ing the  exit  from  this  reservoir  as  the  point  for  estimating  its 
effective  pressure  is  shown.  The  technique  for  takiiag  the  pressure 
here  by  the  method  of  Gaertner  is  described  and  its  advantage  and 
certain  apparent  disadvantages  are  indicated. 

The  technique  of  Gaertner  is  shown  to  be  especially  applicable  to 
the  study  of  the  blood  pressure  in  fibrillation  of  the  auricles.  The 
use  of  this  technique  has  brought  out  a  defect  in  the  so  called  frac- 
tional method  of  taking  the  pressure  in  this  condition;  the  brachial 
and  digital  curves  cross. 
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Taking  jjressure  of  both  brachial  and  digital  arteries  has  shown 
that  certain  dififerent  types  exist;  first,  that  in  wliich  both  central  and 
peripheral  pressures  are  stable;  second,  that  in  which  the  more  central 
pressure  is  stable  and  the  peripheral  pressure  fluctuates;  and  third, 
that  in  which  both  pressures  fluctuate  together. 
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Plate  11. 

(Received  for  publication,  January  22,  1918.) 

In  a  study  of  the  blood  pressure  in  persons  whose  auricles  were 
fibrillating  we  found  that  satisfactory  readings  can  be  obtained  at  the 
digital  artery  by  the  method  of  Gaertner  (1).  It  is  well  known  that 
the  pressure  in  the  brachial  artery  in  auricular  fibrillation  is  dilBcult 
to  take  either  by  the  auscultatorj^  or  palpatory  method  on  account 
of  the  large  differences  in  pulse  pressure  of  succeeding  beats.  The 
method  of  taking  the  pressure  at  the  digital  artery  is  more  likely  to 
be  satisfactory,  because  the  pulse  pressure  is  much  smaller  at  this 
point  and  the  fluctuations  from  beat  to  beat,  compared  with  those 
in  the  brachial  artery,  are  probablj'  insignificant. 

EXPERIMENTAL. 

To  determine  this  point  we  performed  the  experiments  reported 
below.  Dogs  were  anesthetized  with  morphine,  paraldehyde,  and 
ether.  The  right  femoral  artery  was  connected  with  a  membrane 
manometer;  the  small  artery  on  the  dorsum  of  the  left  hind  foot, 
with  a  mercury  manometer.  Two  serrefines,  to  each  of  which  insu- 
lated copper  wire  was  soldered,  were  fastened  to  the  right  auricular 
appendix.  They  were  introduced  into  the  chest  through  a  small 
intercostal  incision.  The  other  ends  of  the  wires  were  attached  to 
the  secondary  coil  of  an  inductorium.  The  auricles  were  made  to 
fibrillate  by  stimulating  them  with  an  interrupted  current,  and  the 
action  of  the  ventricles  thereupon  became  completely  irregular. 

The  curves  which  we  obtained  show  that  when  the  auricles  were 
in  a  state  of  fibrillation,  the  rate  of  the  ventricles  rose,  in  this  case 
from  123  before  the  inception  of  this  rhythm  to  210  (Fig.  1).     The 
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pulse  pressure  in  the  right  femoral  artery  fluctuated  through  a  wide 
range.  But  in  the  artery  of  the  dorsum  of  the  left  hind  foot  the 
fluctuations  in  pulse  pressure  were  small  and  did  not  vary  by  more 
than  a  few  millimeters  of  mercury.  It  is  clear,  therefore,  that  the 
pressure  here  does  not  vary  through  so  wide  a  range  as  in  the  larger 
vessels;  the  value  of  any  one  beat  diiifers  but  sUghtly  from  that  of  the 
others.  In  view  of  the  small  pulse  pressure,  the  systolic  and  diastolic 
limits  are  not  far  removed  from  the  mean  pressure.  The  readings  are 
simply  and  directly  made.  The  experiments  show,  therefore,  that 
direct  readings,  not  far  removed  from  mean  pressure,  may  be  ob- 
tained in  dogs  from  the  small  arteries.  In  man  the  pressure  condi- 
tions in  the  small  arteries,  like  the  digital,  are  doubtless  similar  to 
those  in  the  dog.  With  a  technique  such  as  that  recommended  by 
Gaertner,  satisfactory  estimates  of  pressure  should  accordingly  be 
possible.  Such  estimates  have  been  made  and  the  results  obtained 
are  published  elsewhere  (1). 

Our  experiments  bring  out,  in  addition,  certain  points  bearing  on 
the  blood  pressure  when  the  auricles  fibrillate.  In  the  curve  repro- 
duced, the  fact  appears  that  the  general  level  of  the  pressure  in  the 
smaller  vessel  does  not  fall,  but  on  the  contrary  tends,  on  the  whole,  to 
rise  slightly.  A  similar  rise,  probably  temporary,  was  observed  in 
three  of  the  four  experiments;  the  pressure  fell  in  only  one.  In  two 
of  the  three  instances  in  which  the  pressure  rose  at  first,  it  fell  later  in 
the  experiment,  after  prolonged  anesthesia  and  operative  manipula- 
tion. The  behavior  of  the  pressure  during  experimental  auricular 
fibrillation  is  of  interest  to  us  as  it  was  to  Lewis  (2),  because  of  the 
bearing  of  the  expcriinental  data  on  the  phenomena  in  man.  Lewis 
observed  that  "  the  disturbances  of  the  circulation  are  so  profound  in 
the  human  subject,  when  this  curious  disorder  of  the  heart's  action 
begins"  that  he  was  impelled  on  this  account  to  investigate  the  nature 
of  the  new  conditions  experimentally.  We  too  have  seen  profound 
disturbances  in  the  circulation  under  these  conditions,  but  there  has, 
on  the  other  hand,  been  abundant  opportunity  to  observe  instances 
in  which  fibrillation  of  the  auricles  set  in  without  subjective  sensa- 
tions in  the  patient.  These  cases  may  find  their  explanation  in  those 
of  our  experiments  in  which  the  general  level  of  pressure  and  the  range 
of  pulse  pressure  did  not  change  in  the  smaller  vessels.     This  is  im- 
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portant  because  the  maintenance  of  the  pressure  level  at  this  location 
is  one  of  the  functions  on  which  the  sufficiency  of  the  circulation  ulti- 
mately depends.  If  hearts  actually  undergo  this  violent  change  in 
mechanism  without  necessary  change  in  pressure,  which  our  experi- 
ments show  is  possible,  the  fact  that  patients  undergo  the  same  change 
without  sensation  is  explicable.  That  the  change  is  accompanied  by 
severe  reaction  in  many  individuals  is,  of  course,  well  known,  and  in 
them,  as  Lewis  and  we  ourselves  found,  temporary  fall  in  pressure  is 
easily  assumed.  The  influence  of  ventricular  rate,  as  Lewis  has 
pointed  out,  is  an  important  factor  under  experimental  conditions. 
How  important  it  is  within  the  limits  in  which  it  fluctuates  in  patients 
we  are  not  in  a  position  to  say. 


1 .  Experiments  on  dogs  show  that  whereas  the  pulse  pressure  in  the 
larger  arteries  (femoral)  varies  extensively,  it  varies  within  narrow 
limits  only  in  the  small  ones  (dorsal  artery  of  the  foot). 

These  results  supply  an  experimental  explanation  for  the  fact  that 
in  man  uniform  pressure  readings  were  obtained  by  Gaertner's  method 
at  the  digital  artery. 

2.  The  experiments  show  likewise  that  in  certain  instances  the 
level  of  pressure  is  maintained  when  fibrillation  of  the  auricles  sets  in. 

It  is  therefore  clear  that  when  the  mechanism  of  the  heart  beat  in 
man  changes  to  fibrillation  of  the  auricles,  a  change,  that  is  a  fall,  in 
pressure  need  not  necessarily  develop. 
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EXPL.\NATrOX  OF  PLATE  11. 

Fig.  I.  The  eflfect  of  fibrillation  of  the  auricles  on  the  pulse  pressure  in  the 
right  femoral  artery  and  in  the  dorsal  artery  of  the  left  hind  foot.  From 
above  down  the  figure  records  the  signal  of  stimulation  of  the  right  auricle,  the 
blood  pressure  of  the  right  femoral  artery  taken  by  a  membrane  manometer, 
the  blood  pressure  from  a  dorsal  artery  of  the  left  hind  foot,  the  time  in  seconds. 
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FREE  ANTIGEN  AND  ANTIBODY  CIRCULATING  TO- 
GETHER IN  LARGE  AMOUNTS  (HEMAGGLUTININ 
AND    AGGLUTINOGEN    IN    THE    BLOOD    OF 
TRANSFUSED  K^BBITS).* 

By  PEYTON  ROUS,  M.D.,  and  OSW.'VLD  H.  ROBERTSON,  M.D. 
{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

Plates  12  and  13. 
(Received  for  publication,  Februarv-  28.  1918.) 

A  singular  phenomenon,  hitherto  nndescribed,  may  frequently  be 
observed  in  the  shed  blood  of  rabbits  rendered  plethoric  by  repeated 
small  transfusions  from  compatible  donors.'  In  fresh  sKde  prepara- 
tions the  red  corpuscles  begin  almost  at  once  to  clump  into  masses, 
and  within  a  few  moments  the  separation  of  plasma  and  cells  is  com- 
plete. The  blood  film,  homogeneous  at  first  to  the  naked  eye,  is 
transformed  into  a  mLxture  of  clear  fluid  and  large  red  flakes.  In 
defibrinated  blood  allowed  to  stand  at  room  temperature,  the  cells 
fall  out  rapidly  as  a  red  granular  sediment,  which,  in  the  course  of  a 
few  hours,  may  become  a  soHd  mass  that  cannot  be  broken  up  with- 
out hemolysis.  The  clumping  can  occur  intra  vasam,  as  may  be 
shown  by  inducing  stasis  in  the  rabbit's  ear  with  a  tourniquet  applied 
at  the  base.  When  the  marginal  ear  vein  is  opened  after  ^  hour  of 
such  stasis,  the  blood  flowing  forth  is  seen  to  consist  of  numerous  rather 
large,  dark  red  flakes  in  a  clear  fluid.  Under  ordinary  conditions, 
the  clumping  is  plainly  an  extravascular  phenomenon,  being  first 

*  Read  at  a  joint  meeting  of  the  American  Association  of  Immunologists  and 
the  Society  for  Serology  and  Hematology,  New  York,  April  6,  1917. 

'  The  method  of  transfusion  has  already  been  described  (Robertson,  O.  H.,  and 
Rous,  P.,  J.  Exp.  Med.,  1917,  xxv,  665).  The  rabbits  received  intravenously,  6 
days  in  7,  10  cc.  of  whole  citrated  rabbit  blood  obtained  by  the  cardiac  aspiration 
of  compatible  donors.  For  each  recipient  a  series  of  donors  were  employed  in 
rotation.  Their  compatability  had  been  determined  by  the  method  of  Rous  and 
Turner,  J.  Am.  Med.  Assn.,  1915,  Lxiv,  1980. 
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visible  in  slide  preparations  some  12  to  40  seconds  after  the  blood  is 
drawn. 

Protection  of  the  Organism. 

The  clumping  of  the  red  cells  would  result  in  pulmonarj'  emboli 
and  be  quickly  fatal,  were  it  not  in  some  way  prevented  in  vivo.  Our 
first  tests  had  to  do  \vith  this  phenomenon.  The  problem  presented 
proved  unexpectedly  easy  of  solution.  The  clumping  is  absolutely 
conditioned  by  temperature.  If  no  precautions  are  taken  to  keep 
warm  the  rabbit's  ear  when  bound  with  a  tourniquet,  clumping  occurs 
in  the  vessels,  as  already  described.  But  if  the  bound  ear  is  kept  in 
water  at  the  body  temperature,  the  blood  taken  from  it  after  half  an 
hour  shows  no  clumping,  and  this  appears  only  secondarily  as  cooling 
occurs.  Again,  if  a  Httle  fresh  blood  is  taken  into  each  of  two  thick- 
walled  glass  tubes  of  capillary  bore,  one  of  which  has  been  chilled  in 
the  ice  box,  the  other  heated  to  body  temperature,  a  gross  clumping  will 
be  seen  almost  at  once  in  the  cold  tube,  whereas  in  the  warm  one  the 
blood  remains  homogeneous  during  the  3  or  4  minutes  before  clotting 
takes  place.  Blood  allowed  to  drop  directly  into  a  few  cubic  centi- 
meters of  cold  salt  solution  shows  clumping  almost  before  it  can  be 
distributed  in  the  medium;  whereas  if  the  solution  has  the  body  tem- 
perature, the  corpuscles  remain  separate  for  24  hours  e\"en — theiongest 
time  over  which  we  have  observed  them.  If.  after  24  hours  of  warmth, 
the  mi.xture  is  cooled  in  running  water,  clumping  occurs  in  case  the 
initial  dilution  of  the  blood  has  not  been  too  great. 

The  Clumping  Is  a  True  Agglutination. 

The  character  of  the  temperature  control  suggests  that  the  clump- 
ing is  caused  by  hemagglutinins.  Landsteincr  has  shown  that  the 
isoagglutinins  and  the  weak  normal  autoagglutinins  of  several  ani- 
mal species,  among  them  the  rabbit,  are  similarly  governed  by  tem- 
perature and  have  most  effect  in  the  cold.-  The  clumping,  \iewed 
microscopically,  has  certainlj-  the  appearance  of  a  true  agglutination, 
while  the  circumstances  of  its  occurrence  are  such  as  would  favor  the 
development  of  agglutinins.     It  is  most  pronounced  when  the  rabbit 

2  Landsleiner,  K.,  Miiitch.  mcd.  Woch.,  1903, 1,  1812. 
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has  received  from  ten  to  fifteen  transfusions.  After  the  first  five  or 
six,  a  change  begins  to  be  noticeable  in  the  shed  blood.  Rouleau 
formation  is  more  marked  than  normally.  Then,  as  the  injections 
are  continued,  the  rouleaux  of  the  shed  blood,  which  are  strikingly 
long  and  perfect,  tend  to  draw  together  into  masses  in  which  they 
undergo  little  disorganization  (Figs.  1  and  2).  Finally,  the  tendency 
to  clumping  becomes  so  strong  that  the  rouleaux  present  when  the 
blood  is  first  shed  coUapse  after  a  few  moments  into  irregular  agglom- 
erates of  corpuscles  hang  against  one  another  without  definite  ar- 
rangement. In  slide  preparations  these  masses  are  at  first  connected 
by  large  trunks  of  cells,  but  shrinkage  soon  takes  place — doubtless 
from  closer  apposition  of  the  cells — and  the  trunks  pull  out  into  thin 
strands,  often  only  one  or  two  cells  thick  (Figs.  3  and  4).  Within  the 
large  plasma  spaces  thus  opened  up,  there  are  almost  no  corpuscles, 
red  or  white.  When  pressure  is  put  on  the  cover-glass  the  cells  are 
often  stretched  into  long  ropes,  but  they  hold  together  tenaciously  as 
if  made  of  a  sticky,  elastic  material.  When  the  pressure  is  released 
the}-  resume  their  normal  shape. 

If  the  clumping  is  caused  by  a  true  agglutinin,  a  separation  of  this 
element  from  the  cells  should  be  possible.  It  has  been  accom- 
plished by  repeatedl}'  washing  the  cells  in  warm  salt  solution  in 
which,  as  already  stated,  they  are  not  clumped.  Cells  thus  washed 
in  the  centrifuge  remain  unclumped  when  sedimented  and  cooled. 
But  they  at  once  clump  when  placed  in  serum  obtained  from  a  speci- 
men of  the  blood  defibrinated  and  centrifuged  in  the  warm. 

Attempts  were  now  made  to  obtain  the  agglutinin  in  salt  solution 
by  the  method  Landsteiner  employed  with  the  weak,  normal  auto- 
agglutinin  of  rabbits.-  Landsteiner  allowed  a  small  quantity  of  cells 
in  a  large  quantity  of  serum  to  stand  over  night  on  ice.  Complete 
agglutination  took  place.  The  cell  mass  was  now  washed  several 
times  in  ice  cold  salt  solution  and  then  placed  in  a  little  of  the  fluid 
at  body  temperature.  After  some  hours  it  was  centrifuged  while 
still  warm.  The  heating  had  liberated  the  agglutinin,  which  passed 
into  the  salt  solution,  and  the  latter  now  possessed  the  ability  to 
agglutinate  cells. 

In  the  case  of  our  transfused  rabbits  the  serum  factor  responsible 
for  clumping  was  so  strong  that  there  was  no  necessity  for  the  serum 
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to   preponderate   greatly   over   the   cells   or  for  more  than  a   brief 
chilling  and  warming. 

Experiment  J. — A  little  of  the  blood  of  a  transfused  rabbit  was  taken  into  a 
test-tube  surrounded  by  a  water  jacket  at  38°C.  and  was  deiibrinated  with  glass 
beads.  From  this  0.6  cc.  was  pipetted  ofiE  and  cooled  in  ice.  The  corpuscles 
rapidly  clumped  and  fell  to  the  bottom  of  the  tube.  After  45  minutes  centrifu- 
gation  was  done  in  an  ice  jacket.  The  serum  was  immediately  pipetted  off 
and  kept.  It  will  be  termed  Serum  A.  The  cells,  which  had  formed  a  soUd 
mass,  were  now  twice  washed  with  3.5  cc.  of  ice  cold  salt  solution.  The  cell  mass 
showed  no  tendency  to  break  up  when  thus  handled.  All  fluid  was  now  pipetted 
away,  0.3  cc.  of  fresh  salt  solution  put  on,  and  the  tube  transferred  to  a  water 
bath  at  40°C.  Within  5  minutes  the  mass  had  broken  up  into  a  homogeneous 
cell  suspension.  After  10  minutes  more,  an  attempt  was  made  to  throw  down  the 
cells  while  still  warm,  but  though  a  warm  water  jacket  was  used,  the  temperature 
fell  sufficiently  during  the  process  for  some  clumping  to  occur.  The  tube  was 
therefore  warmed  again  for  15  minutes  and  again  centrifuged  rapidly,  but  now 
in  a  jacket  of  warm  paraffin  oil.  This  time  the  heat  was  retained,  no  clumping 
occurred,  and  the  fluid — Fluid  B,  as  it  will  be  called — was  immediately  taken  off 
for  test.  The  cell  sediment  was  then  twice  washed  in  an  excess  of  warm  salt 
solution  and  made  up  to  the  original  blood  bulk.    The  cells  remained  unclumped. 

The  following  mixtures  wer*  now  set  up: 

(a)  1  part  ceU  suspension  +    3  parts  Fluid  B. 

(b)  1  part  cell  suspension  +     3  parts  Fluid  B  +  9  parts  salt  solution. 

(c)  1  part  cell  suspension  +     3  parts  Serum  A  +  9  parts  salt  solution. 

(d)  1  part  cell  suspension  +  12  parts  salt  solution. 

In  (a)  marked  clumping  of  the  cells  took  place  almost  at  once  at  room  tempera- 
ture. The  other  three  mixtures  were  cooled  in  ice.  Strong  clumping  was  ob- 
served after  a  few  minutes  in  (b),  slight  clumping  in  (c),  and  none  at  all  in  (i). 
From  the  presence  of  a  slight  clumping  in  the  mixture  (c)  it  is  evident  that  the 
factor  responsible  for  agglutination  was  not  completely  removed  from  the  sermn 
when  the  defibrinated  blood  was  cooled  to  0°  C. 

Variation  with   Temperature. 

In  experiments  such  as  the  foregoing,  success  was  obtained  only 
after  the  necessity  for  careful  maintenance  of  the  essential  tempera- 
tures had  been  recognized.  During  the  separation  of  the  agglutinin 
a  moment's  accidental  cooling  or  warming  was  sufficient  to  fix  or  lib- 
erate it  in  large  part  from  the  cells,  thus  leading  to  confusion.  When 
blood  was  defibrinated  in  the  warm  and  then  gradually  cooled  in  tubes 
that  permitted  of  microscopic  inspection,  slight  agglutination  was 
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found  to  appear  as  the  temperature  fell  from  36°  to  35°C.  At  33°C. 
large  clumps  formed;  and  at  room  temperature  (22°)  the  agglutina- 
tion was  massive.  When  the  tube  was  warmed  again,  all  clumping 
disappeared  at  between  35°  and  36°C.  In  the  experiment  for  the 
separation  of  agglutinin  given  in  detail  above,  all  agglutinin  was  not 
absorbed  from  the  serum  at  0°C.  This  may  have  been  due  to  insuf- 
ficient contact  of  serum  and  cells  owing  to  the  rapid  clumping  and 
sedimentation  of  the  latter  when  suddenly  chilled.  We  have  re- 
peatedly noted  that  a  potent  serum,  if  allowed  to  separate  from  the 
clot  at  room  temperature,  may  contain  no  agglutinin  whatever. 

Reversibility  of  the   Reaction. 

The  rapid  variation  in  the  clumping  with  changes  in  temperatiue 
has  led  us  to  investigate  the  reversibility  of  the  agglutination.  A 
sample  of  blood  was  defibrinated  in  the  warm,  as  usual,  filtered  through 
gauze,  and  placed,  first  on  ice,  and,  when  clumping  was  complete,  in 
water  at  body  temperature.  This  was  repeated  as  fast  as  massive 
clumping  or  its  reverse,  complete  dissociation,  had  occurred.  After 
nine  coolings  and  warmings,  the  cells  still  clumped  and  separated  as 
rapidl}-  and  completely  as  at  first.  There  was  an  entire  absence  of 
the  gumm}-  change  seen  when  cells  are  repeatedly  clumped  by  a 
heteroagglutinin.2 

Strength  of  the  Agglutinin. 

The  great  variation  in  the  clumping  at  different  temperatures  and 
the  rapidity  with  which  the  agglutinating  principle  is  fixed  or  freed 
has  rendered  difficult  a  precise  determination  of  its  strength.  We 
have  employed  a  crude  method,  allowing  the  blood  to  fall  from  the 
rabbit's  ear,  drop  by  drop,  into  known  quantities  of  warm  salt  solu- 
tion, and  noting  the  agglutination  when  the  mixtures  have  been  cooled 
for  some  minutes  at  room  temperature.  Under  these  circumstances 
the  cUlution  of  both  antigen  and  antibody  vary,  but  they  vary  alike, 
maintaining  pr&ctically  a  constant  relation  to  each  other.  There  is 
not  the  same  hkehhood  of  error  in  the  ingredients  as  when  mixtures 
are  made  of  cells  and  serum  separated  from  each  other  in  the  warm. 

'  Landsleincr,  K.,  and  Reich,  M.,  Centr.  Bakteriol.,  lie  Abt.,  Orig.,  1905,  .xxxix, 
8.3 
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But  the  temperature  of  the  salt  solution  must  be  above  37°C.,  since 
even  slight  cooKng  results  in  some  clumping  of  the  cells  before  they 
can  be  properly  distributed. 

The  strongest  agglutinin  found  in  the  transfused  rabbits  caused 
well  defined  clumping  in  a  inixture  of  one  drop  of  blood  witli  100  cc. 
of  sal  t  solution ;  that  is,  in  a  plasma  dilution  of  approximately  1 :  2,800.^ 
No  clumping  occurred  in  the  1:5,600  mixture.  The  plasma  of  a 
second  rabbit  agglutinated  the  cells  when  diluted  500  times.  These 
were  exceptional  instances.  In  the  majority  of  cases  the  plasma 
failed  to  clump  the  cells  when  it  was  diluted  with  more  than  20  parts 
of  salt  solution. 

The  clumping  phenomenon  did  not  regularly  appear  in  transfused 
rabbits.  Indeed,  in  ten  out  of  twenty  transfused  with  a  special  view 
to  its  development  it  was  never  observed  despite  the  fact  that  the 
transfusions  were  continued  far  beyond  the  usual  period.  Further- 
more, in  rabbits  transfused  persistently  any  agglutinating  factor  that 
had  developed  tended  to  disappear.  A  similar  disappearance  of  pre- 
cipitin following  unduly  prolonged  immunization  has  been  recorded 
by  Tchistovitch*  and  Nuttall."  Sudden  reductions  in  the  plethora 
of  the  recipients,  accomplished  by  bleeding,  failed  to  induce  or  in- 
crease the  clumping  phenomenon,  as  did  also  a  use  of  donors  with 
cells  agglutinable  by  the  recipient's  plasma. 

AggUitination  and  Anemia. 

The  peculiar  temperature  control  of  the  agglutination  in  the  trans- 
fused animals  has  an  obvious,  if  superficial,  likeness  to  that  occurring 
in  paroxysmal  hemoglobinuria.  And  the  fact  that  tiie  animals  with 
the  strongest  agglutinin  developed  a  sudden  anemia,  in  the  midst,  so 

■*  The  percentage  volume  of  the  blood  plasma  was  reckoned  from  a  comparison 
of  the  rabbit's  hemoglobin  with  that  of  normal  rabbits  of  which  the  ceil  plasma 
ratio  had  been  established  with  Epstein's  hematocrit.  In  these  normal  animals 
the  cells  averaged  42  per  cent  and  the  plasma  58  per  cent  of  Uie  blood  volume. 
Twenty  drops  of  blood  were  assumed  to  make  1  cc.  This  was  the  case  in  actual 
tests. 

■'  Tchistovilch,  T.,  Ann.  Insl.  Pasteur,  1899,  xiii,  406. 

'■  Nuttall,  G.  H.  F.,  Blood  immunity  and  blood  relationship,  Cambridge,  1904, 
127. 
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to  speak,  of  their  plethora,  has  in  this  respect  a  special  interest.  The 
hemoglobin  of  the  rabbit  with  an  agglutinin  active  in  a  1:2,800 
serum  dilution  fell  after  the  fifteenth  transfusion  from  128  (Sahh)  to 
75  per  cent  in  the  course  of  4  days,  despite  the  injection  on  each  of 
these  days  of  the  usual  10  cc.  of  blood.  The  transfusions  were  now 
stopped,  and  the  hemoglobin  fell  to  37  per  cent  in  2  days  more,  after 
which  a  gradual  recovery  ensued.  The  animal  at  no  time  manifested 
symptoms  of  distress.  Some  of  the  blood  changes  in  this  rabbit  and 
others  of  like  sort  have  already  been  described  by  Robertson  in  an- 
other connection.'  In  these  instances  the  hemagglutinin  was  at  its 
greatest  strength  when  the  anemia  developed,  while  in  animals  with  a 
weak  agglutinin  or  none,  an  anemia  was  never  observed,  but,  on  the 
contrary,  plethora  was  maintained  for  weeks  after  the  transfusions 
had  been  stopped. 

No  adequate  search  has  yet  been  made  for  an  hemolysin  in  the 
plasma  of  the  animals  becoming  anemic,  but  we  have  chilled,  without 
result,  two  plethoric  rabbits  possessing  a  weak  agglutinin  (active  in  a 
1 : 5  dilution  of  the  whole  blood)  in  the  hope  of  initiating  a  drop  in 
the  hemoglobin.  The  chilling  was  accomplished  by  means  of  ice 
cold  water,  in  which  the  well  shaved  ear  of  the  rabbit  was  submerged 
for  5  to  1  hour.  Throughout  this  period  the  circulation  in  the  cold 
ear  was  exceptionally  good.  The  rectal  temperature  fell  to  37°C., 
considerably  below  the  normal  for  the  rabbit,  but  not  low  enough  to 
produce  the  in  vitro  agglutination  of  blood  corpuscles. 

Persistence  of  the  Agglutinin. 

The  agglutinating  principle,  once  it  has  appeared  in  a  blood,  per- 
sists for  a  long  period  and  is  relatively  uninfluenced  by  the  disappear- 
ance of  plethora,  or  by  sudden  intercurrent  anemia  of  the  sort 
just  described,  or  by  moderate  bleedings.  Inarabbit,fore-xample,  in 
which  the  hemoglobin  fell  from  125  to  27  per  cent  in  the  course  of  a 
few  days,  with  a  gradual  return  to  the  normal  of  90  per  cent,  the  ag- 
glutinin persisted  throughout.  110  days  after  the  normal  hemoglobin 
had  been  finally  reached,  the  blood  still  showed  clumping  when  di- 

'  Robertson,  O.  H.,  /.  Exp.  Med.,  1917,  xxvi,  221. 
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luted  witli  two  volumes  of  salt  solution.     This  was  133  days  after 
the  last  transfusion. 

SUMMARY. 

In  rabbits  transfused  almost  daily  with  the  whole  citrated  blood  of 
other  rabbits,  an  extraordinary  condition  often  develops,  which  nfiani- 
fests  itself  in  an  almost  immediate  clumping  together  of  all  the  red 
cells  in  specimens  of  the  shed  blood.  This  clumping  is  due  to  one  or 
more  true  agglutinins,  of  which  the  strength  may  be  such  as  to  cause 
clumping  in  a  1:  2,800  plasma  dilution. 

The  agglutinating  principle  circulates  with  the  corpuscles  against 
which  it  is  effective;  but  under  ordinary  circumstances  intravascular 
clumping  fails  to  occur  because  the  union  of  antigen  and  antibody 
can  take  place  only  at  a  temperature  several  degrees  below  that  of 
the  body.  If  the  temperature  is  sufiQciently  lowered,  as  when  a 
tourniquet  is  applied  to  the  rabbit's  ear,  intravascular  clumping  en- 
sues. In  defibrinated  blood,  gradually  cooled,  clumping  is  first  noted 
as  the  temperature  of  35°C.  is  approached;  and  at  room  temperature 
(22°)  the  corpuscles  will  often  come  together  in  a  short  time  into  a 
single,  sohd  mass.  At  0°C.  the  agglutination  is  still  more,  marked. 
The  reaction  seems  to  be  completely  reversible,  for  when  the  blood 
is  warmed  again,  the  clumps  break  up  and  disappear  at  between  35° 
and  36°C.  Cooling  and  warming  with  the  resultant  clumping  and 
dissociation  can  be  carried  out  many  times  on  the  same  blood 
specimen  without  apparent  change  in  the  corpuscles  or  in  the 
rapidity  of  the  reaction.  The  response  to  temperature  changes  is 
extremely  prompt. 

Once  it  has  been  elicited,  the  agglutinating  principle  may  persist 
for  a  long  time  after  the  transfusions  are  stopped.  In  one  instance 
it  was  still  strong  133  days  after  the  last  transfusion.  During  this 
period  the  plethora  was  succeeded  by  a  severe  anemia,  which  in  turn 
-was  recovered  from.  In  many  rabbits  no  agglutinin  develops,  and  a 
continuance  of  the  transfusions  wiU  not  elicit  it.  Indeed,  when 
present  it  tends  to  disappear  if  the  transfusions  are  persisted  in. 

In  several  of  the  animals  in  which  the  agglutinin  was  strongest, 
the  plethora  was  suddenly  succeeded  by  severe  anemia,  despite  con- 
tinued transfusions.     The  character  of  the  temperature  control  of 


PEYTON    ROUS    AND    OSWALD    H.    ROBERTSON  517 

the  agglutination,  which  somewhat  resembles  that  of  the  hemolysin 
in  paroxysmal  hemoglobinuria,  has  led  us  to  consider  whether  the 
blood  destruction  might  not  be  due  to  accidental  chilling  of  the  ani- 
mal. Efforts  to  induce  a  fall  in  the  hemoglobin  by  placing  the 
rabbit's  ear  in  ice  water  have  as  yet  been  unsuccessful.  Thus  far  no 
adequate  search  for  an  hemolysin  has  been  made. 

The  object  of  the  present  paper  has  been  to  describe  a  condition  in 
which  large  amounts  of  free  antigen  and  antibody  circulate  together 
in  the  organism,  and  to  demonstrate  the  factor  which  prevents  their 
union,  the  results  of  which  could  easily  be  fatal.  The  causes  of  the 
condition  will  be  dealt  with  in  a  subsequent  communication. 

EXPL.VNATIOX  OF  PL.\TES. 
Plate  12. 

Fig.  1.     A  weak  clumping  phenomenon.     The  rouleaux  are  largely  intact. 
Fig.  2.     A  weak  clumping  phenomenon.     Marked  rouleau  formation. 


Figs.  3  and  4.     The  clumping  phenomenon  in  pronounced  form.     In  the  large 
serum  spaces  there  are  almost  no  free  cells. 
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A  STUDY  OF  ACUTE  MERCURIC  CHLORIDE  INTOXICA- 
TIONS IN  THE  DOG  WITH  SPECIAL  REFERENCE 
TO  THE  KIDNEY  INJURY.* 

By  WILLIAM  deB.  MacNIDER,  M.D. 

{From  the  Laboratory  oj  Pharmacology  of  the  University  of  North  Carolina, 
Chapel  Hill.) 

Plates  14  to  16. 

(Received  for  publication,  January  14,  1918.) 

A  review  of  the  relatively  scant  literature  dealing  with  acute  mer- 
curic cliloride  intoxications  shows  a  preponderance  of  clinical  papers 
with  suggestions  relative  to  the  treatment  of  poisoning  and  bu  few 
investigations  which  have  as  their  object  an  understanding  of  the 
cause  of  the  remote  tissue  changes,  especially  those  of  the  kidney. 
The  investigations  which  have  been  primarily  concerned  with  the 
acute  pathology  induced  by  mercuric  chloride  in  organs  remote  from 
the  intestine  have  either  considered  the  injury  to  be  dependent  upon 
the  action  of  the  metal  on  the  vascular  tissues  of  the  organ,  or  to  be 
due  to  the  action  of  the  metal  as  such  on  the  parenchyma  of  the 
organ  during  elimination. 

Von  Mehring'  considered  ihe  toxic  action  of  mercury  in  the  kidney  and  also  in 
the  in'es  ine  to  be  due  to  a  general  vasomotor  paralysis.  Heineke^  and  Kauf- 
mann^  held  the  opinion  that  mercury  in  the  blood  had  a  thromboplastic  action 
and  tha  the  damage  to  the  kidney  depended  upon  the  formation  of  thrombi 
with  the  production  of  infarcts.     Schmiedeberg''  considers  the  changes  in  the 

*  Aided  by  a  grant  from  The  Rockefeller  Institute  for  Medical  Research. 

'  von  Mehring,  J.,  Ueber  die  Wirkungen  des  Quecksilbers  auf  den  thierischen 
Organismus,  Arch.  exp.  Path.  u.  Pharm.,  1881,  xiii,  86. 

^  Heineke,  W.,  Die  Fermen' intoxication  und  deren  Beziehung  zur  Sublimat- 
und  Leui  h  gasvergif  ung,  Deutsch.  Arch.  klin.  Med.,  1888,  xlii,  147. 

^  Kaufmann,  E.,  Neuer  Beitrag  zur  Sublimatintoxication  nebst  Bemerkungen 
iiber  d'e  Sublimatniere,  Virchows  Arch.  path.  Anat.,  1889,  cxvii,  227. 

■•  Schmiedeberg,  O.,  Grund.'iss  der  Pharmakologie  in  Bezug  auf  Arzneimittel- 
lehre  und  Toxikologie.  Leipsic.  .S  h  ediiion,  1906. 
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mucous  membrane  of  the  colon  and  kidney  lo  be  due  to  the  destructive  action  of 
the  metal  during  its  elimination.  In  a  recent  study  of  acute  mercury  poisoning 
by  Burmeister  and  McNally^  the  same  conclusion  is  apparently  reached  as  that 
held  by  Schmiedeberg  concerning  the  way  in  which  the  toxic  effect  of  mercury  is 
induced.  The  authors  note  the  marked  variation  in  the  toxic  action  of  the  metal 
and  consider  that  the  hepatic  changes  vary  with  the  duration  of  the  intoxication, 
while  the  kidney  damage  varies  with  the  size  of  the  dose  as  well  as  the  duration  of 
the  intoxication.  In  the  animals  receiving  massive  doses  immediate  renal  changes 
develop  which  vary  with  the  size  of  the  dose,  while  with  smaller  doses  the  renal 
changes  depend  upon  the  length  of  time  the  animal  is  able  to  withstand  the 
intoxication. 

In  an  investigation^  conducted  several  years  ago,  in  which  various  nephrotoxic 
agents  were  employed,  a  study  was  made  of  the  relative  affinity  of  different  kid- 
ney poisons  for  the  epithelium  of  the  kidney  and  of  the  relation  between  the 
degree  of  epithelial  damage  and  the  ability  of  the  kidney  to  form  urine.  Mer- 
curic chloride  was  used  in  eight  animals.  The  salt  was  given  subcutaneously  in 
the  dose  of  10  mg.  per  kilo.  The  nephropathy  induced  by  these  injections  was 
variable  in  both  the  frequency  with  which  it  occurred  and  the  constancy  of  the 
pathological  changes  in  the  kidney.  Two  of  the  animals  became  rapidly  anuric 
and  showed  an  extensive  necrosis  of  the  renal  epithelium,  especially  that  of  the 
convoluted  tubules.  The  remaining  animals  either  showed  no  toxic  effect  from 
ihe  injections,  or  after  a  short  period  of  albuminuria  made  a  complete  recovery. 

Recent  studies''*  of  the  acute  nephropathy  induced  in  dogs  by  uranium  have 
shown  a  similar  variation  in  the  toxicity  of  this  metal  for  the  kidney.  These 
studies  have  furthermore  shown  that  when  the  functional  capacity  of  the  kidney 
has  been  reduced  by  uranium  the  vascular  mechanism  retains  its  responsiveness 
to  various  peripherally  acting  stimuli  comparable  in  degree  with  that  of  the  nor- 
mal organ.  The  lack  of  functional  response  has  been  associated  with  a  variable 
amount  of  degeneration  of  the  renal  epithelium. 

'  Burmeister,  W.  H.,  and  McNally,  W.  D.,  Acute  mercury  poisoning.  A  par- 
allel histological  and  chemical  study  of  the  renal  and  hepatic  tissue  changes  as 
compared  with  the  rapidity  of  absorption  and  the  amount  of  mercury  present  in 
the  circulating  blood  at  the  time  such  changes  occur,  J.  Med.  Research,  1917, 
xxxvi,  87. 

^  MacNider,  W.  deB.,  A  study  of  ihc  renal  epithelium  in'various  tj'pes  of  acute 
experimental  nephritis  and  of  the  relation  which  exists  between  the  epithelial 
changes  and  the  total  output  of  urine,  J.  Med.  Research,  1912,  xxi,  79. 

'  MacNider,  A  study  of  the  action  of  various  diuretics  in  uranium  nephritis, 
J .  Pharm.aud  Exp.Therap.,  1911-12,  iii,  423. 

'  MacNider,  The  vascular  response  of  the  kidney  in  acute  uranium  nephritis; 
the  influence  of  the  vascular  response  on  diuresis,  /.  Pharm.  and  Exp.  Therap.. 
1914-15,  vi,  123. 
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In  later  papers,'''"  the  observation  was  made  that  in  acute  uranium  intoxica- 
tions the  severity  of  the  epithelial  damage  in  the  kidney  shows  a  correlation  with 
the  decree  of  acid  intoxication  induced  by  the  metal,  and,  furthermore,  that  the 
damage  to  the  kidney  may  in  large  measure  be  prevented  by  the  intravenous 
injection  of  an  alkaline  solution. 

With  these  observations  in  mind  the  present  study  of  the  toxicity 
of  mercuric  chloride  has  been  undertaken  with  the  object  of  ascer- 
taining the  cause  of  the  kidney  damage  and  with  the  hope  that  some 
therapeutic  agent  might  be  developed  that  would  protect  the  kidney 
against  the  to.xic  effect  of  this  metal.  A  preliminary  note  of  this  work 
has  recently  appeared." 

EXPERIMENTAL. 

Dogs  were  used  in  the  experiments  which  furnish  a  basis  for  this 
study.  The  anunals  were  placed  in  metabolism  cages,  given  500  cc. 
of  water  daily  by  stomach  tube,  and  fed  on  bread  with  a  small  amount 
of  cooked  meat.  The  urine  was  collected  from  the  cages  twice  a  day. 
Females  were  catheterized  at  the  second  collection  of  urine  in  order 
to  obtain  an  accurate  record  of  the  total  output  in  a  24  hour  period. 
Forty-three  of  the  fifty-sLx  animals  used  were  females.  The  animals 
were  kept  under  observation  for  3  days  prior  to  admijiistering  the 
mercury.  During  this  normal  period  (Table  I)  and  following  the  use 
of  the  mercury  the  animals  were  studied  as  follows:  Hydrogen  ion 
determinations  of  the  blood  were  made  by  the  indicator  method  of 
Le\y,  Rowntree,  and  Marriott.'-  The  alkali  reserve  of  the  blood  and 
determinations  of  the  carbon  dioxide  tension  of  alveolar  air  were  made 

'^  MacXider,  The  inhibition  of  the  toxicity  of  uranium  nitrate  by  sodium  car- 
bonate, and  the  protection  of  the  kidney  acutely  nephropathic  from  uranium  from 
the  toxic  action  of  an  anesthetic  by  sodium  carbonate,  /.  Exp.  Med.,  1916,  xxiii, 
171. 

'"  MacNider,  The  efficiency  of  various  diuretics  in  the  acutely  nephropathic 
kidney,  protected  and  unprotected  by  sodium  carbonate.  II,  /.  Exp.  Med.,  1917, 
xx\i,  19. 

"  MacNider,  A  study  of  the  acid-base  equilibrium  of  the  blood  in  acute  bi- 
chloride intoxications,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1917,  xiv,  140. 

'-■  Levy,  R.  L.,  Rowntree,  L.  G.,  and  Marriott,  W.  McK.,  A  simplified  method 
for  determining  variations  in  the  hydrogen-ion  concentration  of  the  blood,  Arch. 
Int.  Med.,  1915,  xvi,  389. 
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by  the  methods  of  Marriott.""  The  blood  urea  determinations 
were  made  by  the  method  of  Marshall,'^  following  the  modification 
suggested  by  Van  Slyke  and  Cullen."'  The  phenolsulfonephthalein 
test  for  kidney  function  was  conducted  according  to  the  technique 
devised  by  Rowntree  and  Geraghty."  Quantitative  albumin  deter- 
minations were  made  by  Esbach's  method,  and  the  percentage  of 
glucose  in  the  urine  was  estimated  by  Benedict's  reagent.  The  quan- 
titative determinations  of  acetone  were  made  by  Folin's'*  method  as 
modified  by  Hart.''  During  the  course  of  the  experiments  it  became 
necessary  to  ascertain  the  relation,  if  any  existed,  between  the  elimi- 
nation of  mercury  by  the  kidney  and  the  development  of  the  acute 
kidney  injury.  In  the  absence  of  satisfactory  quantitative  tests  the 
recently  devised  qualitative  test  of  Elliott  was  used.-"  The  test  is 
both  simple  and  very  delicate,  and  may  be  employed  in  a  relatively 
quantitative  fashion  by  noting  the  amount  of  mercury  deposited  on 
.gold  leaf  as  an  amalgam  from  a  series  of  urines. 

In  order  to  induce  an  experimental  condition  comparable  with  that 
obtained  when  mercuric  chloride  is  taken  accidentally  or  for  suicidal 
purposes,  the  poison  was  introduced  by  a  stomach  tube.  The  ani- 
mals were  first  given  hypodermically  0.25  cc.  of  a  4  per  cent  solution 
of  morphine  sulfate.  After  the  initial  excitement  and  emesis  induced 
by  the  morphine,  the  animals  became  partially  narcotized.     During 

'^  Marriott,  W.  McK.,  A  method  for  the  determination  of  the  alkali  reserve  o 
the  blood  plasma,  Arch.  Int.  Med.,  1916,  xvii,  840.  ' 

"  Marriott,  The  determination  of  alveolar  carbon  dioxide  tension  by  a  simple 
method,  J.  Am.  Med.  Assn.,  1916,  Ixvi,  1594. 

'*  Marshall,  E.  K.,  Jr.,  A  rapid  clinical  method  for  the  estimation  of  urea  in 
urine,  J.Biol.  Chem.,  1913, xiv,  283. 

'^  Van  Slyke,  D.  D.,  and  Cullen,  G.  E.,  A  permanent  preparation  of  urease, 
and  its  use  in  the  determination  of  urea,  J .  Biol.  Chem.,  1914,  xix,  211. 

"  Rowntree,  L.  G.,  and  Geraghty,  J.  T.,  An  experimental  and  clinical  study  of 
the  functional  activity  of  the  kidneys  by  means  of  phenolsulphonephlhalein, 
/.  Pharm.  and  Exp.  Therap.,  1909-10,  i,  579. 

'*  Folin,  O.,  On  the  separate  determination  of  acetone  and  diacetic  ac'd  in  dia- 
betic urines,  /.  Biol.  Chem.,  1907,  iii,  177. 

''  Hart,  T.  S.,  On  the  quantitative  determination  of  acetone  in  the  urine,  J. 
Biol.  Chem.,  1908,  iv,  477. 

*"  Elliott,  J.  A.,  A  new  and  delicate  method  for  the  detection  of  mercury,  J ■ 
Am..  Med.  Assn.,  1917,  Ixviii,  1693. 
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this  period  of  narcotization  the  animals  were  given  15  mg.  of  mercuric 
chloride  per  kilo.  A  1  per  cent  solution  was  used.  At  the  time  of 
administration  the  dose  of  mercuric  chloride  was  made  up  to  a  volume 
of  100  cc.  with  distilled  water.  As  a  result  of  the  depressed  irritabil- 
ity of  the  animals  and  the  dilution  of  the  dose  of  the  poison,  the  irri- 
tant effect  of  the  mercury  was  sufficiently  modified  to  prevent  vomit- 
ing in  the  majority  of  the  animals  for  a  period  of  4  hours.  Eight  of 
the  animals  vomited  the  mercury  within  an  hour  after  its  use.  The 
rest  of  the  animals  retained  the  poison  for  4  hours  or  longer.  Exclud- 
ing the  eight  animals  referred  to  above,  the  poison  was  unquestion- 
ably retained  long  enough  for  it  to  be  absorbed  and  induce  its  remote 
toxic  efTect. 

All  the  animals  receiving  mercury  developed  a  gastroenteritis 
which  varied  widely  in  severity  and  duration.  This  variation  appar- 
ently depended  upon  the  total  amount  of  the  poison  received  by  the 
animal  and  the  length  of  time  which  elapsed  between  the  adminis- 
tration of  the  poison  and  the  commencement  of  vomiting.'  An  analy- 
sis of  the  e.xperiments,  from  the  standpoint  of  the  final  outcome  of 
the  intoxicated  animals,  permits  their  classification  into  four  groups. 
The  first  group  is  represented  by  eight  animals  (Table  II,  Group  I). 
The  animals  of  this  group  developed  an  intense  gastroenteritis  which 
was  characterized  by  persistent  vomiting  of  large  quantities  ol  fluid 
and  by  frequent,  bloody,  mucous  stools.  The  animals  died  in  a  state 
of  collapse  within  48  hours  after  receiving  the  poison. 

The  second  group  of  animals  (Table  III,  Group  II)  also  showed  a 
severe  local  reaction  from  the  mercury.  The  vomiting  and  stools 
were  frequent.  In  this  series  the  gastroenteritis  showed  a  tendency 
to  subside  during  the  first  3  days  of  the  intoxication.  All  the  animals 
died  within  7  days  from  the  commencement  of  the  intoxication.  Six 
died  in  convulsions.     The  remaining  four  animals  died  in  air-hunger. 

The  third  group  of  animals  (Table  IV,  Group  III)  showed  a  mod- 
erately severe  gastroenteritis.  During  the  subsidence  of  the  gastro- 
enteritis, or  several  days  after  the  symptoms  of  this  condition  had 
disappeared,  the  animals  showed  a  beginning  acid  intoxication.  The 
hydrogen  ion  determinations  of  the  blood  were  variable:  The  reserve 
alkali  of  the  blood,  however,  showed  a  depletion  and  the  tension  of 
alveolar  air  carbon  dioxide  was  reduced.     These  changes,  indicative 
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of  a  beginning  acid  intoxication,  persisted  from  1  to  8  days.  The 
twenty  animals  forming  this  group  made  a  complete  recovery  in  as 
far  as  any  immediate  effect  from  the  mercuric  chloride  intoxication 
was  concerned. 

The  remaining  group  of  eighteen  animals  (Table  V,  Group  IV) 
showed  a  gastroenteritis  which  was  variable  both  in  severity  and 
duration.  In  all  the  animals  this  sjTnptom  of  poisoning  disappeared. 
Following  the  subsidence  of  the  enteritis,  and  in  three  of  the  experi- 
ments as  late  as  the  9th  day.  the  animals  either  gradually  or  rapidly 
developed  an  acid  intoxication,  and,  depending  upon  the  severity 
and  duration  of  this  intoxication,  became  anuric.  Seven  of  the  ani- 
mals died  in  air-hunger.  From  the  foregoing  outline  of  the  variation 
in  the  toxicity  of  mercuric  chloride  as  shown  by  the  animals  compris- 
ing the  different  groups,  it  becomes  necessary  to  analyze  the  effect  of 
the  poison  in  the  various  groups  with  the  object  of  ascertaining  the 
cause  of  the  variation  and  the  way  in  which  the  toxic  action  of  the 
metal  is  induced. 

Observalions  on  Normal  Animals. 

The  following  observations  on  normal  animals  extended  over  a 
period  of  3  days.  The  results  have  been  recorded  in  Table  I.  The 
number  of  the  experiment  in  this  table  corresponds  with  the  number 


TABLE    I. 

Observations  on  Normal  Animals. 


Group 
No. 

Experi- 
ment No. 

Urine. 

Albumin, 
glucose, 
acetone. 

Phenolsul- 
foneph- 
thalein. 

Blood  urea. 

pH. 

R.  pH. 

Carbon 
dioxide 
tension. 

cc. 

per  cent 

per  cent 

mm. 

1 

418 

0 

69 

0.012 

7.35 

8.05 

45 

2 

330 

0 

83 

0.021 

7.35 

8.1 

45 

3 

381 

0 

79 

0.013 

7.35 

8.1 

43 

II 

4 

681 

0 

81 

0.014 

7.5 

8.1 

44 

II 

5 

492 

0 

80 

0.012 

7..S5 

8.0 

42 

II 

6 

891 

0 

73 

0.012 

7.45 

8.1 

43 

III 

7 

271 

0 

84 

0.013 

7.3 

8.05 

41 

III 

8 

508 

0 

82 

0.012 

7.45 

8.1 

45 

III 

9 

320 

0 

86 

0.012 

7.35 

8.0 

42 

IV 

10 

381 

0 

71 

0.012 

7.45 

8  1 

42 
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of  the  animal  after  it  had  received  the  poison.  The  observations  on 
the  various  groups  of  intoxicated  animals  will  be  found  in  Tables  II 
to  y.  A  study  of  the  normal  findings  contained  in  Table  I  shows 
that  all  the  animals  were  freely  diuretic,  and  that  the  urine  was  free 
from  albumin,  glucose,  and  acetone  bodies.  The  centrifugalized  urines 
did  not  show  casts.  The  appearance  of  phenolsulfonephthalein 
in  the  urine  was  not  delayed  longer  than  10  minutes.  The  total 
output  of  the  dye  in  a  2  hour  period  varied  between  a  minimum  output 
of  69  per  cent  and  a  maximum  output  of  86  per  cent.  The  percent- 
age of  blood  urea  in  all  the  animals  remained  very  constant,  varying 
between  0.012  and  0.021  per  cent.  The  hydrogen  ion  concentration 
of  the  dialyzed  whole  blood  prior  to  aeration  varied  between  7.35  and 
7.55.  After  the  aeration  of  the  dialysate  the  reserve  alkali  showed 
slight  variation,  8  to  8.1.  The  determinations  of  the  tension  of 
alveolar  air  carbon  dioxide  showed  a  constancy  with  that  of  the  re- 
serve alkali  detenninations.  In  as  far  as  the  urine,  renal  function, 
and  acid-base  equiUbrium  of  the  animals  were  investigated,  the  ani- 
mals of  all  the  groups  were  normal. 

Observations  on  the  Different  Groups  of  Animals  Intoxicated  by 
Mercuric  Chloride. 

Group  I. 

The  first  group  of  experiments  (Table  II)  is  represented  by  the 
animals  which  died  from  the  intoxication  within  48  hours  after  receiv- 
ing the  mercury.  All  the  animals  showed  a  clinical  condition  com- 
parable with  the  state  of  shock  and  collapse  which  is  obtained  in  man 
from  the  use  of  a  concentrated  corrosive  poison.  They  were  unable 
to  stand.  The  surface  of  the  body  was  cold,  the  tongue  and  gums  were 
cyanotic,  the  respirations  shaUow,  and  the  heart  beat  was  fast  with 
feeble  heart  sounds.  The  pupils  in  four  of  the  animals  were  widely 
dilated  for  several  hours  before  death.  The  animals  of  this  group 
had  an  intense  gastroenteritis,  as  was  indicated  by  the  persistent  vom- 
iting of  fluid,  in  two  instances  streaked  with  blood,  and  by  the  fre- 
quent, bloody,  mucous  stools.  The  autopsies  showed  the  usual  ef- 
fect of  a  strong  corrosive  on  the  mucous  membrane  of  the  stomach 
and  intestine. 
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i 

Bad. 

Died  in  collapse. 

3 
1 

Frequent. 
No  change. 
Frequent. 

-1-.-.- 

Severe  enteritis.     Blood. 

No  change. 

Severe  enteritis.     Blood. 
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A  re\-ievv  of  Table  II,  containing  representative  experiments  from 
this  group,  shows  that  the  output  of  urine  is  rapidl}^  reduced.  This 
reduction  is  not  associated  with  a  comparably  great  reduction  in  the 
elimination  of  phenolsulfonephthalein.  There  is  no  marked  retention 
of  blood  urea.  In  E.xperiment  2,  Table  II,  the  animal  formed  only 
70  cc.  of  urine  in  the  first  24  hour  period  after  receiving  the  mercury. 
The  elimination  of  phenolsulfonephthalein  was  77  per  cent.  In  Ex- 
periment 3  the  animal  formed  130  cc.  of  urine  in  a  similar  period  with 
a  phenolsulfonephthalein  elinaination  of  65  per  cent.  There  is  in  this 
group  a  lack  of  correlation  between  the  ability  of  the  kidney  to  form 
urine  and  to  secrete  phenolsulfonephthalein.  The  urine  has  been  either 
free  from  albumin  or  has  contained  a  mere  trace.  In  only  one  ani- 
mal was  glucose  present  in  the  urine.  The  urine  of  this  animal  also 
showed  a  trace  of  acetone,  4.6120  mg.  per  100  cc.  In  this  group  of 
animals  only  a  slight  disturbance  in  the  acid-base  equilibrium  of  the 
blood  occurred.  In  Experiment  2,  Table  II,  at  the  end  of  the  first 
24  hours  of  the  intoxication  the  alkali  reserve  was  8  as  compared  with 
a  normal  reading  of  8.1,  and  the  tension  of  alveolar  air  carbon  dioxide 
was  39  mm.  as  compared  with  the  nonnal  of  45  mm.  The  animal 
diedof  shock6hours  later.  Experiment  3, Table  II,  shows  thegreatest 
disturbance  in  the  acid-base  equilibrium  of  any  of  the  members  of 
the  group.  Associated  with  the  reduction  in  the  reserve  alkali  of  the 
blood  the  elimination  of  phenolsulfonephthalein  is  reduced  from  a 
normal  of  78  per  cent  to  65,  and  both  glucose  and  acetone  appear  in 
the  urine.  At  this  early  stage  of  the  intoxication  only  a  trace  of 
mercury  was  found  in  the  urine. 

The  animals  comprising  Group  I  die  in  collapse  which  is  apparently 
dependent  upon  the  severity  of  the  local  corrosive  action  of  the 
mercury  in  the  stomach  and  intestine.  Death  occurs  before  suffi- 
cient time  has  elapsed  for  the  development  of  the  kidney  injury. 
The  reduction  in  the  output  of  urine  is  probably  dependent  upon  a 
disturbance  in  the  functional  capacity  of  the  vascular  mechanism  of 
the  kidney  induced  by  the  deflection  of  arterial  blood  away  from  the 
kidney  to  the  splanchnic  viscera.  The  absence  of  degenerative 
changes  in  the  kidney  and  the  presence  of  an  intense  congestion  of 
the  splanchnic  vessels  would  apparently  permit  this  deduction. 

Pathology  of  the  Kidney. — The  kidneys  of  this  group  of  animals 
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were  removed  immediately  after  death.  Postmortem  changes  were 
eliminated.  The  kidneys  have  had  a  dark  cyanotic  appearance.  On 
section  the  organs  have  shown  an  engorgement  with  venous  blood 
which  has  been  especially  marked  at  the  corticomedullary  boundary' 
zone  and  has  extended  into  the  medulla  in  the  form  of  streaks  outlin- 
ing the  return  veins  from  the  venous  arches.  Histologically  the 
glomerular  vessels  have  shown  an  engorgement  with  blood.  No  exu- 
date or  free  hemorrhage  has  been  observed  in  the  glomeruli.  The 
endothelial  nuclei  of  the  glomerular  capillaries  have  appeared  promi- 
nent and  stained  deeply.  The  epithelium  of  the  tubules,  especially 
that  of  the  convoluted  tubules,  has  shown  an  early  cloudy  swelling, 
consisting  in  the  appearance  of  albuminous  granules  in  the  cytoplasm 
without  much  increase  in  the  volume  of  the  cells.  The  nuclei  of  the 
epithelium  have  shown  an  increase  in  size  out  of  proportion  to  the 
changes  in  the  size  of  the  cells.  No  exudate  or  extravasation  of  blood 
has  been  observed  in  the  intertubular  connective  tissue.     (Fig.  1 .) 

Group  II. 

The  second  group  of  experiments  consists  of  the  animals  which  lirst 
developed  a  severe  gastroenteritis,  and  then,  during  the  subsidence 
of  the  gastroenteritis,  developed  an  acute  acid  intoxication  with  an 
associated  anuria.  The  animals  of  this  group  either  died  in  air-hunger 
or  in  convulsions. 

A  re\'iew  of  the  experiments  representative  of  this  group  of  animals 
(Table  III)  shows  that  during  the  1st  day  of  the  intoxication  the  out- 
put of  urine  was  variable.  In  Experiments  4  and  6  a  sharp  reduction 
in  the  formation  of  urine  occurred,  while  in  the  animal  of  Experiment 
5  the  output  of  urine  was  in  excess  of  the  average  normal  secretion. 
In  all  the  animals,  as  the  intoxication  progressed,  the  formation  of 
urine  rapidly  decreased.  The  amount  of  albumin  in  the  urine  was 
slight  and  is  no  indication  of  the  severity  of  the  kidney  damage.  Six 
of  the  animals  of  this  group  showed  both  glucose  and  acetone  in  the 
urine.  The  glucose  generally  appeared  in  the  urine  after  the  ap- 
pearance of  albumin.  The  appearance  of  acetone  bodies  in  the  urine 
was  associated  with  a  reduction  in  the  alkali  reserve  of  the  blood.  The 
elimination,  however,  of  these  bodies  by  the  kidney  does  not  show  a 
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parallel  with  the  reduction  in  the  alkali  reser\-e.  With  the  further 
depletion  of  the  alkali  reserve,  and  associated  with  the  decreased 
elimination  of  phenolsulfonephthalein  by  the  kidney,  a  decrease  in 
the  output  of  acetone  occurs. 

The  elimination  of  phenolsulfonephthalein  was  reduced  in  all  the 
experiments.  The  degree  of  reduction  in  the  output  of  the  dye  varied 
in  the  different  animals.  There  was  no  correlation  between  the  quan- 
titative output  of  phenolsulfonephthalein  and  the  elimination  of  mer- 
cury by  the  kidney.  In  Experiment  4  a  heavy  amalgam  of  mercury 
was  obtained  from  the  urine  of  the  animal  secreted  during  the  1st 
day  of  the  experiment,  yet  the  phenolsulfonephthalein  output  re- 
mained high,  71  per  cent.  In  Experiment  5,  however,  with  only  a 
trace  of  mercury  in  the  urine,  the  output  of  phenolsulfonephthalein 
was  reduced  from  80  to  35  per  cent. 

The  experiments  show  a  relation  between  the  phenolsulfonephtha- 
lein output  and  the  reduction  in  the  alkali  reserve  of  the  blood.  The 
animals  which  showed  a  rapid  depletion  in  the  alkali  reserve  also 
showed  a  sharp  decrease  in  the  ability  of  the  kidney  to  secrete  the 
dye.  Following  the  variation  in  the  output  of  urine  which  was  noted 
in  the  different  animals  early  in  the  intoxication,  as  the  intoxication 
progressed  all  the  animals  showed  a  rapid  reduction  in  the  formation 
of  urine  and  became  anuric.  The  anuria  in  this  series  of  animals  was 
not  associated  with  a  condition  of  shock  as  in  the  anuric  animals  of 
Group  I.  With  the  progressive  decrease  in  the  formation  of  urine 
the  gastroenteritis  lessened  in  severity.  Associated  with  the  reduc- 
tion in  the  output  of  urine  there  occurred  a  rapid  decrease  in  the  elimi- 
nation of  phenolsulfonephthalein,  a  retention  of  blood  urea,  and  the 
development  of  a  severe  acid  intoxicaton.  The  animals  dying  in  air- 
hunger  showed  the  greatest  depletion  of  the  alkali  reserve  of  the  blood 
and  the  most  marked  decrease  in  the  tension  of  alveolar  air  carbon 
dioxide.  In  Experiment  5,  2  hours  before  death  the  animal  had  a 
reserve  alkali  reading  of  7.75  and  a  tension  of  alveolar  air  carbon  diox- 
ide of  15  mm.  In  Experiment  6  the  alkali  reserve  was  reduced  to  7.5 
and  the  tension  of  alveolar  air  carbon  dioxide  to  12  mm.  None  of 
the  animals  of  the  group  survived  longer  than  7  days. 

Pathology  of  the  Kidney. — The  kidneys  from  this  group  of  animals 
were  either  removed  immediately  after  death  or  the  animals  were 
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killed  while  in  air-hunger  and  the  organs  secured  for  the  pathological 
study.  The  kidne3-s  are  pale  and  swollen.  On  section  the  cortex 
bulges  through  the  cut  capsule.  The  cut  surface  appears  pale  and 
relatively  bloodless.  The  microscopic  examination  has  shown  the 
glomeruli  to  be  in  a  fair  state  of  preservation.  The  capillaries  are 
not  engorged  with  blood.  The  endothelial  nuclei  are  swollen  and 
stain  intensely.  The  epithelium  of  the  tubules,  except  that  of  the 
junctional  tubules,  has  shown  a  remarkable  degree  of  swelling  and 
early  necrosis.  The  swollen  cells  in  many  tubules  have  not  only  com- 
pletely occluded  the  limien  of  the  tubule,  but  give  to  the  tubule  an 
increased  transverse  diameter.  The  nuclei  are  large  and  h^-pochro- 
matic.  In  other  tubules  the  nuclei  have  disappeared,  the  cells  hav- 
ing undergone  complete  necrosis.     (Fig.  2.) 

Group  III. 

The  third  group  of  experiments  consists  of  the  animals  which  re- 
cei\'ed  mercuric  chloride  and,  after  recovering  from  the  mercury  en- 
teritis, developed  an  acid  intoxication  and  later  made  a  complete  re- 
covery. In  this  group  of  animals  which  did  not  develop  the  severe 
gastroenteritis  characteristic  of  the  early  stage  of  the  intoxication  in 
the  two  previous  groups,  the  output  of  urine  was  not  greatly  reduced 
(Table  IV).  Albumin  was  present  in  the  urine  of  all  the  animals 
with  two  exceptions.  The  amount  did  not  exceed  1  gm.  per  liter. 
With  the  appearance  of  albumin  in  the  urine  the  phenolsulfonephtha- 
lein  output  was  decreased,  a  reduction  occurred  in  the  alkali  reserve 
of  the  blood  and  in  the  tension  of  alveolar  air  carbon  dioxide,  and 
acetone  bodies  appeared  in  the  urine.  Usually  during  the  2nd  day 
these  changes  in  the  urine  and  blood  had  reached  their  maximiun  and 
from  this  point  in  the  experiments  the  animals  showed  a  return  to 
the  normal  both  in  regard  to  the  functional  capacity  of  the  kidney, 
and  the  restoration  of  the  normal  acid-base  equihbrium  of  the  blood. 
Since  this  series  of  animals  went  to  the  stage  of  recovery,  a  study  of 
the  experiments  permits  an  investigation  of  the  relation  between 
the  elimination  of  mercury  by  the  kidney  and  the  development  of 
the  kidney  injury.  In  Experiment  9,  Table  IV,  on  the  1st  day  of  the 
intoxication  a  heavy  precipitate  of  mercury  was  obtained  from  the 
urine.     The  amount  of  urine  formed  showed  an  increase  over  the 
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normal,  the  elimination  of  phenolsulfonephthalein  showed  practically 
no  reduction,  86  to  85  per  cent,  and  the  reserve  alkali  of  the  blood 
remained  unchanged.  On  the  2nd  day  of  the  experiment  the  elimina- 
tion of  mercury  was  still  heavy,  while  the  formation  of  urine  remained 
nearly  normal.  The  phenolsulfonephthalein  output  was  reduced 
only  10  per  cent.  The  alkali  reserve  of  the  blood  was  reduced  from  8 
to  7.9.  On  the  3rd  day  of  the  experiment  the  elimination  of  mercury 
was  greatly  increased.  There  was,  however,  an  increased  formation 
of  urine,  623  cc,  the  output  of  phenolsulfonephthalein  had  returned 
to  83  per  cent,  the  normal  output  being  86  per  cent,  and  the  alkali 
reserve  of  the  blood  had  returned  to  the  normal  reading.  Experi- 
ments 7  and  8  also  illustrate  the  lack  of  relation  between  the  elimina- 
tion of  mercury  by  the  kidney  and  the  decrease  in  the  functional 
capacity  of  the  organ. 

Group  IV. 

The  animals  comprising  this  group  developed  a  moderately  severe 
mercury  enteritis.  During  the  enteritis,  or  following  its  subsidence, 
the  animals  developed  an  acid  intoxication  which  varied  in  degree 
and  duration.  In  this  respect  this  group  of  animals  resembles  the 
experiments  of  Group  III.  The  animals  of  Group  III,  however, 
gradually  returned  to  the  normal  and  made  a  complete  recovery, 
while  the  animals  of  Group  IV,  after  a  period  during  which  there 
was  an  attempt  to  restore  the  normal  acid-base  equilibrium,  became 
severely  intoxicated  and  showed  a  more  marked  depletion  of  the 
alkali  reserve  than  was  obtained  in  the  initial  acid  intoxication.  The 
formation  of  urine  was  rapidly  reduced.  The  animals  were  anuric 
from  1  to  6  days  before  death. 

A  study  of  Table  V,  which  gives  in  detail  the  results  obtained  in 
one  of  the  experiments  of  this  group,  shows  that  the  secretion  of 
urine  was  rapidly  reduced.  Associated  with  the  reduction  in  the  out- 
put of  urine  the  animals  became  albuminuric,  and  later  both  glucose 
and  acetone  appeared  in  the  urine.  The  amount  of  albumin  was 
small,  not  over  0.9  gm.  per  Hter.  The  glycosuria  rapidly  disappeared. 
The  output  of  acetone  bodies  in  the  urine  was  associated  with  a  reduc- 
tion in  the  alkali  reserve  of  the  blood  but  did  not  show  quantitatively 
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a  parallel  with  ihe  decrease  in  the  alkali  reserve.  As  the  acid  intoxi- 
cation progressed  the  eliminaton  of  acetone  bodies  was  diminished. 
The  decrease  in  the  elimination  of  phenolsulfonephthalein  is  not 
proportionate  to  the  decreased  formation  of  urine.  In  this  group  of 
animals,  as  in  the  other  groups,  there  is  more  nearly  a  correlation 
between  the  degree  of  acid  intoxication  and  the  elimination  of  the 
dye  than  there  is  between  the  output  of  urine  and  its  elimination. 
Associated  with  the  reduction  in  the  output  of  phenolsulfonephthalein 
a  retention  of  blood  urea  occurs.  The  stage  of  improvement  in  this 
group  of  animals  was  characterized  by  an  increased  formation  of  urine, 
a  decrease  and  final  disappearance  of  albumin  from  the  urine,  an 
increase  in  the  output  of  acetone  bodies  and  phenolsulfonephthalein, 
a  decrease  in  the  percentage  of  blood  urea,  and  a  return  towards  the 
normal  acid-base  equilibrium  of  the  blood.  None  of  these  conditions 
reached  the  point  of  normality.  From  the  6th  to  the  10th  day  in 
Experiment  10,  the  urine  was  free  from  albumin,  the  phenolsulfone- 
phthalein elimination  was  48  to  51  per  cent,  and  the  reserv^e  alkali  7.9 
to  7.95.  On  the  11th  day  the  terminal  acid  intoxication  commenced. 
The  following  day  only  81  cc.  of  urine  were  formed.  The  urine  was 
free  from  albumin.  The  phenolsulfonephthalein  elimination  had 
been  reduced  from  51  to  13  per  cent  and  the  alkali  reserve  was  re- 
duced from  7.95  to  7.75.  The  animal  was  anuric  the  following  day 
and  died  in  air-hunger. 

A  study  of  the  elimination  of  mercury  by  the  animals  of  this  group 
is  of  special  interest.  During  the  entire  course  of  Experiment  10, 
Table  V,  only  a  trace  of  mercury  was  found  in  the  urine.  After 
the  4th  day  of  the  intoxication  the  urine  was  free  from  mercury.  As 
will  be  seen  by  referring  to  the  table,  the  kidney  damage  which  was 
associated  with  the  death  of  the  animal  did  not  occur  until  the  11th 
day  of  the  e.xperiment,  7  days  after  the  urine  had  been  free  from 
mercury. 

Pathology  of  the  Kidney. — The  kidneys  of  this  group  of  animals  have 
been  pale  and  relatively  bloodless.  Extending  from  the  corticomedul- 
lary  junction  into  the  cortex  are  streaks  of  fatty  degeneration.  The 
histological  examination  has  shown  the  glomeruli  shrunken  and  not 
infrequently  surrounded  by  an  exudate  oi  serum,  fibrin,  and  red 
cells.     The  endotheliimi  of  the  glomerular  capillaries  has  shown  an 
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advanced  degeneration.  The  nuclei  have  shown  fragmentation. 
The  loops  of  capillaries  are  fused  together.  The  epithelium  of  the 
tubules  has  shown  an  advanced  necrosis.  The  structure  of  the  cells 
is  completely  lost.  The  tubules  are  outlined  by  a  structureless  mass 
of  necrotic  material.  The  tubules  have  frequently  been  separated 
by  an  exudate  containing  red  cells  and  fibrin.     (Fig.  3.) 


\  study  of  the  experiments  comprising  the  first  group  of  animals 
permits  the  deduction  that  these  animals  succumb  to  the  acute  poison- 
ing as  a  result  of  the  shock  which  the  poison  induces  through  its 
corrosive  action  in  the  stomach  and  intestine.  The  animals  die  before 
the  mercury,  acting  as  such  during  its  elimination  by  the  kidney, 
can  induce  an  acute  nephropathy  and  before  the  mercury,  by  inducing 
an  acid  intoxication,  can  lead  to  an  acute  kidney  injury. 

The  remaining  animals  of  the  series.  Groups  II,  III,  and  IV,  have 
withstood  the  corrosive  action  of  the  poison.  These  animals  have 
shown  the  same  type  of  delayed  intoxication  from  the  poison.  The 
intoxication,  however,  has  varied  in  time  of  appearance,  duration, 
and  severity. . 

The  animals  classified  as  Group  II  have  developed  during  the  stage 
of  imprevement  from  the  gastroenteritis  a  rapid  and  severe  type  of 
acid  intoxication,  have  become  rapidly  anuric,  and  have  died  either 
in  a  state  of  air-hunger  or  in  convulsions. 

The  animals  of  Group  III,  either  during  or  after  their  recover}'  from 
the  gastroenteritis,  have  developed  a  mild  grade  of  acid  intoxication. 
During  the  following  days  of  the  experiments  the  animals  succeeded 
in  reestablishing  their  normal  acid-base  equilibrium.  All  the  animals 
of  this  group  recovered. 

The  animals  of  Group  IV  have  shown  a  recovery  from  the  mercury 
enteritis.  Following  a  period  during  which  there  was  an  attempt  on 
the  part  of  the  animals  to  return  to  normal,  as  indicated  by  an  increase 
in  the  alkali  reserve  of  the  blood  and  by  an  increased  output  b{  phenol- 
sulfonephthalein  and  urine,  the  members  of  the  group  developed  a 
delayed  acid  intoxication,,  and,  like  the  animals  of  Group  II,  became 
anuric. 
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The  animals  of  all  groups  which  have  died  from  the  delayed  intoxi- 
cation caused  by  the  mercury  have  shown  a  severe  type  of  kidney 
injury  which  has  been  characterized  by  an  acute  swelling  and  necrosis 
of  the  renal  epithelium .  All  these  animals  have  either  gradually  or 
acutely  developed  a  severe  t^^pe  of  acid  intoxication.  There  has  been 
a  definite  association  between  the  development  of  an  acid  intoxica- 
tion and  the  delayed  kidney  injury,  and,  furthermore,  the  animals 
which  have  shown  the  greatest  swelling  and  necrosis  of  the  renal 
epithelium  have  also  shown  the  severest  type  of  intoxication. 

CONCLUSIONS. 

1.  In  the  acute  mercuric  chloride  intoxications  which  have  been 
induced  in  dogs  death  has  been  due  either  to  the  shock  associated 
with  the  se^"ere  mercury  enteritis  or  to  a  delayed  kidney  injury. 

2.  The  injury  to  the  kidney  has  been  constantly  associated  with 
the  development  of  an  acid  intoxication. 

3.  The  delayed  kidney  injury  is  not  due  to  the  action  of  the  mer- 
cury as  such  during  its  elimination  by  this  organ. 

4.  The  manner  in  which  mercuric  chloride  induces  an  acid  into.xica- 
tion  is  at  present  under  investigation.  The  participation  of  the  liver 
in  the  intoxication  will  be  considered  in  this  connection. 

EXPLAN.^TION   OF   PLATES. 

Plate  14. 

Fig.  1.  Camera  lucida  drawing,  Leitz  oc.  2,  obj.  6.  The  figure  is  from  the 
kidney  of  E-xperiment  3,  Table  II.  The  glomerulus,  a,  appears  normal  except  for 
the  deeply  staining  endothelial  nuclei.  The  epithelium  of  the  convoluted  tubules, 
h,  shows  the  presence  of  albuminous  granules  with  little  increase  in  the  size  of 
the  epithelial  cells.  The  nuclei  stain  well.  The  convoluted  tubule  epithelium 
at  c  shows  an  early  swelling  of  the  cells.  The  animal  died  in  collapse  associated 
with  the  corrosive  action  of  mercuric  chloride. 

Pl.4te  15. 

Fig.  2.  Camera  lucida  drawing,  Zeiss  oc.  3,  obj.  6.  The  figure  is  from  the 
kidney  of  Experiment  6,  Table  III.  It  shows  at  a  the  histologically  well  pre- 
served glomerular  capiDaries.  The  endothelial  nuclei  are  swollen  and  stain 
intensely.    At  b  is  shown  the  severe  swelling  of  the  convoluted  tubule  epithelium 
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which  has  occluded  the  lumen  of  the  tubule  and  increased  the  size  of  the  tubule. 
The  nuclei  of  these  cells  are  large  and  hypochromatic.  At  c  are  shown  tubules 
that  have  become  completely  necrotic.  The  junctional  tubules,  d,  do  not  show 
the  severe  swelling  and  necrosis  which  has  developed  in  the  more  highly  specialized 
tubular  epithelium.  The  animal  became  anuric  from  the  mercuric  chloride  in- 
toxication and  died  in  air-hunger. 

Plate  16. 

Fig.  3.  Camera  lucida  drawing,  Leitz  oc.  2,  obj.  6.  The  figure  is  from  the 
kidney  of  E.xperiment  10,  Table  V.  It  shows  at  a  the  glomerulus  with  fused 
capiUary  loops  containing  endothelial  nuclei  which  have  undergone  fragmen- 
tation. The  convoluted  tubules  at  b  have  become  completely  necrotic.  The 
outHne  of  the  tubule  is  formed  of  a  structureless,  necrotic  mass.  At  c  an  ex- 
udate is  shown  separating  the  tubules,  which  consists  of  serum,  fibrin,  and  red 
blood  cells.  The  figure  illustrates  the  changes  in  the  kidney  of  the  animals  of 
Group  IV,  Table  V,  which  recover  from  the  mercury  enteritis  and  later  succumb 
from  the  delayed  intoxication  which  is  associated  with  the  development  of  an 
acid  intoxication. 
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At  a  meeting  of  the  Board  of  Scientific  Directors  of  The  Rocke- 
feller Institute  for  Medical  Research,  held  on  January  19,  1918, 
the  following  Minute  was  adopted: 

Resolved,  That  the  Scientific  Directors  of  The  Rockefeller  Insti- 
tute record  their  profound  sense  of  loss  in  the  death  of  their  honored 
and  beloved  associate,  Theodore  Caldwell  Janeway,  M.D., 
who  lias  served  oti  the  Board  with  devoted  zeal  since  his  election  to 
succeed  Dr.  Christian  A.  Herter  in  1911.  Dr.  Janeway  at  the  height 
of  his  powers  and  in  the  midst  of  the  most  productive  period  of  his 
life  was  stricken  with  pneumonia  while  in  a-ctive  service  in  the  Medi- 
cal Corps  of  the  Army,  to  which,  since  the  United  States  entered  into 
war  with  Germany,  he  gave  invaluable  and  unmeasured  service.  His 
life  was  sacrificed  to  patriotic  duty  rendered  to  his  country  without 
reserve.  Dr.  Janeway's  period  of  office  on  the  Board  of  Scientific 
Directors  of  The  Rockefeller  Institute  was  restricted  to  a  brief  seven 
years,  yet  its  importance  was  very  great,  as  he  brought  to  its  service 
learning,  keen  intelligence,  and  broad  vision. 

Dr.  Janeway  was  a  highly  skilled  and  widely  read  clinician,  and  he 
was  also  a  notable  exponent  of  the  scientific  method  in  internal  medicine. 
A  graduate  of  the  Sheffield  Scientific  School  and  of  the  College  of 
Physicians  and  Surgeons,  he  emphasized  the  importance  of  chemis- 
try and  physics,  the  two  sciences  on  which  he  based  his  clinical  con- 
ceptions. Coming  early  under  the  mature  and  wise  influence  of  his 
distinguished  father,  he  received  from  him  the  more  purely  clinical 
and  pathological  impress  which  so  much  contributed  to  his  broader 
development,  hi  rapid  succession  Dr.  Janeway  became  instructor  in 
medicine  at  New  York  University  and  Bellevue  Hospital  Medical 
College  in  1905,  associate  professor  and  then  professor  of  medicine 
at  Columbia  University  in  1909.  During  this  period,  iti  1907,  he 
was  instrumental  in  founding  the  Russell  Sage  Institute  of  Pathol- 
ogy, which  throughout  its  connection  with  the  City  Hospital  was 
made  a  valuable  adjunct  to  the  courses  in  medicine  which  he  con- 
ducted. It  was  natural  attd  logical,  because  of  the  work  he  had  done 
in  internal  medicine,  that  Dr.  Janeway  should  be  called  to  fill  the 
full  time  chair  in  internal  medicine  established  at  the  Johns  Hopkins 
Medical  School  in  1914.  The  acceptance  of  the  new  professorship 
was  made  at  a  large  financial  sacrifice,  but  his  altruistic  action  was 
wholly  consonant  with  the  broad  and  sympathetic  attitude  which  he 
always  held  toward  medical  teaching  and  research. 

Dr.  Janeway' s  untimely  death  cut  short  not  only  a  career  in  medi- 
cine which  he  had  inaugurated  with  every  promise  of  distinguished 
success,  but  has  at  the  same  time  deprived  The  Rockefeller  Institute 
of  one  of  its  ablest  atid  wisest  counsellors,  and  the  medical  profession 
of  a  great  physician. 


^b^ 


A  STUDY  OF  THE  LOW  BLOOD  PRESSURES  ASSOCIATED 

WITH   ANAPHYLACTIC   AND   PEPTONE   SHOCK  AND 

EXPERIMENTAL  FAT  EMBOLISM,  WITH  SPECIAL 

REFERENCE  TO  SURGICAL  SHOCK. 

By  J.  P.  SIMONDS,  M.D. 

(From  the  Department  of  Pathology  of  Northwestern  University  Medical  School, 
Chicago.) 

Plates  17  to  21. 

(Received  for  publication,  November  28,  1917.) 

In  a  preliminary  report'  attention  was  called  to  certain  fundamental 
differences  between  the  low  blood  pressures  associated  with  peptone 
shock  and  experimental  fat  embolism.  Consideration  of  these  dif- 
ferences is  important  because  they  have  a  direct  bearing  upon  certain 
theories  as  to  the  etiology  and  mechanism  of  surgical  shock.  It  is 
proposed  in  this  paper  to  give  in  detail  the  experimental  data  upon 
which  some  of  the  statements  made  in  that  report  were  based,  to  add 
new  observations,  and  to  discuss  the  results  obtained.  The  theories 
concerned  are  that  surgical  shock  is  due  to  loss  of  vascular  tone  in 
the  splanchnic  region,  that  it  is  due  to  loss  of  peripheral  vascular  tone, 
and  that  it  is  due  to  fat  embolism. 

Mann^  is  of  the  opinion  that  "the  cause  of  shock  is  an  actual  loss  of  red  cells 
and  fluid  from  the  circulating  blood  through  stasis,  diapedesis,  e,\udate,  and  en- 
dothelial changes  brought  about  by  the  reaction  of  the  great  delicate  splanchnic 
area  to  irritation."  Janeway  and  Jackson^  concluded  from  their  study  of  low 
blood  pressures  induced  by  compression  of  the  inferior  vena  cava,  that  the  dila- 
tation of  the  peripheral  venules  and  capillaries  as  a  result  of  the  increased 
venous  pressure  caused  such  a  loss  of  tone,  that  even  after  normal  pressure  was 
restored  by  release  of  the  compression,  they  became  overfilled  with  blood.     As  a 

'  Simonds,  J.  P.,  J.  Am.  Med.  Assn.,  1917,  Ixi.x,  883. 
2  Mann,  F.  C,  Bull.  Johns  Hopkins  Hosp.,  1914,  xxv,  205. 

'  Janeway,  H.  H.,  Froc.  Soc.  Exp.  Biol,  and  Med.,  1914-15,  xii,  83.  Janeway, 
H.  H.,  and  Jackson,  H.  C,  ibid.,  1914-15,  xii,  193. 
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result  of  this,  the  arterial  pressure  fell  to  a  very  low  level  and  the  animal  died  in  a 
few  hours.  Warthin,*  Bissell,^  and  Porter^  are  convinced  that  fat  embolism  is 
"a  cause"  of  surgical  shock. 

Techniqiie. 

All  the  experiments  here  reported  were  made  upon  dogs  under 
ether  anesthesia.  Altogether,  more  than  thirty- five  animals  have 
been  used  in  the  study  of  the  problems  involved.  The  arterial  pres- 
sure was  taken  from  the  carotid  artery  according  to  the  usual  tech- 
nique. The  fat,  in  the  form  of  neutral  olive  oil,  was  injected  through 
a  cannula  in  the  femoral  vein,  being  washed  into  the  vessel  with  5 
or  6  cc.  of  isotonic  salt  solution.  Witte's  peptone  (0.5  to  1  gm.,  ac- 
cording to  the  size  of  the  dog)  was  dissolved  in  10. cc.  of  salt  solution 
and  injected  through  the  same  cannula.  Standard  doses  of  nicotine 
(1  cc.  of  a  1:4,000  solution)  and  of  adrenalin  (1  cc.  of  a  1:50,000 
solution)  were  also  administered  intravenously  in  the  same  manner. 

In  making  a  record  of  the  venous  pressure  the  following  method 
was  employed.  The  external  jugular  vein  was  exposed  as  low  down 
in  the  neck  as  possible.  Into  it  a  wide  cannula  with  a  large  bulb  com- 
pletely filled  with  10  per  cent  solution  of  sodium  carbonate  was  in- 
serted. The  long  proximal  end  of  the  cannula,  measuring  4  to  6 
cm.,  was  pushed  well  down  into  the  subclavian  vein  and  even  in  some 
instances  into  the  superior  vena  cava.  Before  inserting  the  cannula 
into  the  vessel,  a  rubber  tube  was  attached  to  the  distal  end  and 
closed  with  a  screw  clamp  to  prevent  the  carbonate  solution  from  run- 
ning into  the  vein.  The  cannula  was  then  connected  by  rubber  and 
glass  tubing  (including  a  T-tube)  with  a  manometer  of  the  type  de- 
scribed by  Hoskins  and  Gunning.'  All  connections  were  made  air- 
tight, because  air  transmission  was  used.  In  the  manometer  there 
was  a  solution  of  zinc  chloride  with  a  specific  gravity  of  1.36;  that  is, 
one-tenth  the  specific  gravity  of  mercury.*     The  float  in  the  manom- 

■*  VVarthin,  A.  S.,  luicrnal.  Clinics,  1913,  iv,  series  23,  171. 
=  Bisscll,  W.  W.,  Surg.,  Gynec.  andObsl.,  1917,  xxv,  8. 

*  Poricr,  W.  T.,  Boston  Med.  and  Surg.  J.,  1917,  clxxvi,  248. 

'  Hoskins,  R.  G.,  and  Gunning,  R.  E.  L.,  Am.  J.  Physiol.,  1917,  xliii,  298. 

*  For  I  he  preparation  and  the  accurate  measurement  of  the  specific  gravity  of 
this  solution  I  am  indebted  to  Professor  J.  H.  Long. 
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eter  was  attached  by  a  thread  to  the  longer  branch  of  a  hght  heart 
lever  exactly  half  way  between  the  fulcrum  and  the  writing  point. 
After  all  the  connections  had  been  made,  it  was  necessary  to  produce 
a  slight  negative  pressure  in  the  apparatus.  This  was  readily  done 
through  the  T-tube.  The  screw  clamp  at  the  cannula  was  then  cau- 
tiously released.  The  apparatus  was  so  adjusted  that  the  column  of 
liquid  forced  out  of  the  cannula  in  high  venous  pressures  did  not  rise 
above  the  level  of  the  vein.  In  other  words,  the  column  of  liquid  was 
kept  parallel  with  the  axis  of  the  vessel.  The  respiratory  and  other 
changes  in  the  venous  pressure  were  recorded  as  shown  in  Figs.  1, 
2,  and  3.  The  change  in  position  of  the  writing  point  of  the  heart 
lever  represented  ten  times  the  change  in  pressure  expressed  in  milli- 
meters of  mercury,  because  the  fluid  in  the  manometer  had  a  specific 
gravity  one-tenth  that  of  mercury. 

EXPERIMENTAL. 

The  three  following  protocols  of  experiments  are  typical.  All  op- 
erative procedures  were  carried  out  under  ether  anesthesia,  and  the 
animal  was  killed  at  the  end  of  the  experiment  without  recovery 
from  the  anesthetic.  A  cannula  was  placed  in  the  trachea  and 
connected  with  an  ether  bottle.  The  remainder  of  the  technique 
has  been  sufiiciently  described  above. 

Dog  i.— Male;  weight  18  pounds.    October  15, 1917. 

10.07  a.m.     Blood  pressure  130  mm.  of  mercury. 

10.07  to  10.09  a.m.     12  cc.  of  olive  oil  injected  in  doses  of  2  cc.  each. 

10.10  a.m.    Blood  pressure  110  mm. 

10.13  a.m.    Blood  pressure  130  mm. 

10.13  to  10.15  a.m.    8  cc.  of  olive  oU  injected  in  doses  of  2  cc.  each. 

10.14  a.m.    Blood  pressure  125  mm. 
10.16  a.m.     Blood  pressure  105  mm. 

10.20  a.m.     Blood  pressure  95  mm.     4  cc.  of  olive  oil  injected. 

10.21  a.m.     Blood  pressure  80  mm. 

10.25  a.m.     Blood  pressure  70  mm.     2  cc.  of  olive  oil  injected. 

10.26  a.m.     Blood  pressure  65  mm.     2  cc.  of  olive  oil  injected. 

10.27  a.m.  Blood  pressure  50  mm.  Respiration  ceased.  Artificial  respiration 
started.     Heart  stopped  beating  at  10.29  a.m. 

Autopsy. — Dilatation  of  the  right  side  of  the  heart;  left  side  contains  small 
amount  of  blood.     General  venous  stasis.     Very  slight  edema  of  the  lungs. 
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Dog  2. — Male;  weight  14  pounds.     June  29,  1917. 

1.20  p.m.  Blood  pressure  180  mm.  of  mercury.  1  gm.  of  Witte's  peptone 
injected  intravenously.     Blood  pressure  fell  within  30  seconds  to  55  mm. 

1.40  p.m.     Blood  pressure  130  mm. 

1.50  p.m.     Blood  pressure  170  mm. 

1.50  to  1.52  p.m.     Three  injections  of  olive  oil,  2  cc.  each. 

1.53  p.m.  Blood  pressure  170  mm.  2  cc.  of  olive  oil  injected.  Respiration 
became  slow  and  shallow  and  blood  pressure  began  to  decline  very  slowly. 

1.57  p.m.  Blood  pressure  120  mm.  Respiration  continued  to  become  slower 
and  slower.  Blood  pressure  fluctuated  but  had  a  general  downward  tendency. 
Reaction  to  adrenalin  and  nicotine  normal. 

2.25  p.m.     Blood  pressure  70  mm.     Respiration  slow  and  labored. 

2.40  p.m.     Blood  pressure  85  mm. 

2.55  p.m.  Respiration  stopped  entirely.  Blood  pressure  50  mm.  Artificial 
respiration  begun  and  ether  removed.  Blood  pressure  steadily  rose  during  the 
artificial  respiration  until  3.05  p.m. 

3.05  p.m.  Blood  pressure  95  mm.  Respiration  became  spontaneous  and  arti- 
ficial respiration  was  stopped.  Immediately  upon  stoppage  of  artificial  respira- 
tion the  pressure  rose  rapidly. 

3.10  p.m.  Blood  pressure  140  mm.  Ether  given  again  because  of  return  of 
corneal  reflex.  Respiration  again  became  slow  and  labored.  During  the  next 
50  minutes  the  blood  pressure  fluctuated  between  140  and  70  mm. 

4.05  p.m.  Blood  pressure  90  mm.  5  cc.  of  olive  oil  injected.  Blood  pressure 
fell  to  80  mm. 

4.06  p.m.  Blood  pressure  90  mm.  5  cc.  of  olive  oil  injected.  Blood  pressure 
fell  to  75  mm. 

4.07  p.m.  Blood  pressure  80  mm.  3  cc.  of  olive  oil  injected.  Blood  pressure 
fell  to  70  mm. 

4.08  p.m.    Blood  pressure  70  mm. 

4.09  p.m.     Blood  pressure  60  mm. 

4.10  p.m.    Blood  pressure  55  mm.    Respirations  very  slow  and  shallow. 

4.11  p.m.     Blood  pressure  40  mm.     Respiration  stopped. 
4.13  p.m.    Heart  stopped. 

Dog  3. — Male;  weight  42  pounds.    October  18, 1917. 
11.33  a.m.     Blood  pressure  130  mm. 

11.36  a.m.     Blood  pressure  125  mm.     1  gm.  of  Witte's  peptone  injected. 

11.37  a.m.  Blood  pressure  55  mm.  Venous  pressure  fell  during  this  time 
approximately  14  mm. 

11.47  a.m.    Blood  pressure  120  mm.     Venous  pressure  at  its  former  level. 
1 1.47  a.m.  to  12.08  p.m.    40  cc.  of  olive  oil  injected  in  doses  of  5  cc.  each. 
12.08  p.m.     Blood  pressure  110  mm.    The  reactions  of  the  venous  and  arterial 
pressures  to  the  injections  of  oil  are  shown  graphically  in  Fig.  3. 

12.10  to  12.11  p.m.     10  cc.  of  olive  oil  injected  in  doses  of  5  cc.  each. 
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12.12  p.m.     Blood  pressure  105  to  110  mm. 

12.13  p.m.     5  cc.  of  olive  oil  injected. 

12.14  p.m.  Blood  pressure  95  to  100  mm.  The  pressure  steadily  declined  and 
heart  stopped  beating  at  12.16  p.m.  During  the  fall  of  arterial  pressure  the 
venous  pressure  constantly  rose  (Fig.  3) . 

Autopsy. — Dilatation  of  the  right  side  of  the  heart;  left  side  contains  ver>'  little 
blood.     General  venous  stasis.     Slight  edema  of  the  lungs. 

The  characteristic  feature  of  anaphylactic  and  peptone  shock  in 
the  dog  is  a  marked  and  abrupt  fall  in  arterial  blood  pressure.  Ex- 
periments b}^  Edmunds,'  Manwaring,'"  DeneckeJ'  Jafife  and  Pribram, '- 
and  WeiP'  have  shown  that  the  liver  is  an  essential  element  in  the  pro- 
duction of  this  type  of  shock  in  this  animal"  (Figs.  1  and  4) .  Although 
Robinson  and  Auer/^  by  means  of  the  electrocardiograph,  found  dis- 
turbances in  the  conduction  of  the  heart  and  abnormalities  in  the 
ventricular  contractions,  it  is  evident  that  the  action  upon  the  heart 
is  of  relatively  minor  importance.  The  cause  of  the  low  blood  pres- 
sure is  a  stagnation  of  the  blood  in  the  liver  and  splanchnic  region 
which  prevents  the  right  heart  from  receiving  sufficient  blood  to  keep 
the  left  ventricle  supplied  with  an  amount  adequate  to  maintain  the 
arterial  pressure  at  its  normal  level.'* 

The  studies  of  blood  pressures  in  experimental  fat  embolism  reported  in  the 
literature  are  meager  and  for  the  most  part  give  too  few  details  to  be  satisfactory. 
Warthin*  injected  7  cc.  of  ohve  oil  directly  into  the  heart  of  a  dog,  and  observed 
a  rapid  fall  in  arterial  pressure  and  an  increase  in  pressure  in  the  auricle  and  jugu- 
lar vein,  "as  shown  in  the  charts."  But  no  "charts"  appear  in  the  article.  He 
states  further  that  "repeated  injections  cause  large  systolic  pulsations  in  the 
right  auricle,  the  arterial  pressure  steadily  falls,  and  that  in  the  auricle  and  jugular 
steadily  goes  up.     Finally  there  is  delirium  cordis  and  death."     The  weights  of 

'  Edmunds,  C.  W.,  Z.  Immunilatsforsch.,  Orig.,  1913,  xvii,  105;  1914,  xxii,  181. 

"  Manwaring,  W.  H.,  Z.  Immunitdtsjorsch.,  Orig.,  1911,  viii,  1. 

"  Denecke,  G.,  Z.  Immunitdtsforsch.,  Orig.,  1913-14,  xx,  501. 

'^  Jaffe,  R.  H.,  and  Pribram,  E.,  Virchows  Arch.  path.  Anat.,  1915,  ccxx,  213. 

"  WeU,  R.,  J.  Immunol.,  1917,  ii,  525. 

*^  Loewit,  M.,  {Arch.  exp.  Path.  u.  Pharm.,  1913,  Ixxiii,  1)  has  pointed  out  cer- 
tain alleged  difJerences  between  anaphylactic  and  peptone  shock. 

'*  Robinson,  G.  C.,  and  Auer,  J.,  /.  Exp.  Med.,  1913,  xviii,  556. 

'*  Eisenbrey,  A.  B.,  and  Pearce,  R.  M.,  /.  Pharm.  and  Exp.  Therap.,  1912-13, 
iv.  21. 
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the  animals,  the  quantilies  of  oil  used  in  the  "repealed  injections,"  and  the  lime 
allowed  to  elapse  between  them  are  not  stated. 

BisselP  gives  one  chart  showing  the  arterial  and  venous  pressures  in  a  dog 
weighing  7.4  kilos  (16.3  pounds)  which  received  17  cc.  of  olive  oil  in  doses  of  7,  5, 
and  5  cc.  within  2  minutes.  After  the  first  injection  (of  7  cc),  there  was  only  a 
"volume  change"  in  arterial  and  venous  pressure;  after  the  second,  there  was  a 
very  transient  fall  in  arterial  pressure  and  an  equally  transient  rise  in  venous 
pressure;  after  the  third  injection,  the  venous  pressure  went  up  very  abruptly 
while  the  arterial  pressure  gradually  fell  and  the  animal  quic)dy  died. 

Porter*  mentions  experiments  upon  eight  cats.  One  received  3  cc.  of  "ofTici- 
nal  emulsion"  of  olive  oil  injected  slowly  into  the  jugular  vein.  Verj'  soon  there 
followed  a  fall  in  carotid  pressure.  In  two  other  experiments  thick  cream  was 
used,  and  in  the  remainder,  olive  oil.  "2  to  4  cc.  of  olive  oil  in  a  large  cat  has 
never  failed  to  produce  a  fall  in  blood  pressure  to  one-half  or  less  the  normal  level." 
In  one  experiment  the  diastolic  pressure  fell  from  140  to  65  mm.  of  mercury  and 
later  to  40  mm.  "In  this  cat  the  tracing  showed  that  the  fall  in  blood  pressure 
could  not  be  ascribed  to  changes  in  the  heart  beat.  The  same  is  usimlly  true 
when  the  injection  is  not  made  too  rapidly.  The  clinical  picture  is  essentially 
that  of  traumatic  shock  in  human  beings." 

It  appears  that  in  the  above  instances  cited  from  the  literature  relatively  large 
amounts  of  oil  in  proportion  to  the  body  weight  of  the  animal  were  injected  within 
the  space  of  a  few  minutes.  Graham,'^  on  the  other  hand,  made  repeated  small 
injections  of  small  amounts  of  olive  oil  into  the  veins  of  rabbits  over  a  period  of 
days,  but  no  blood  pressure  tracings  were  taken. 

The  presence  of  fat  embolism  in  some  cases  of  surgical  shock  has  been  estab- 
lished by  the  work  of  BisseU.'  But  it  has  also  been  found  by  Flournoy,"*  and  by 
Katase,"  in  a  variety  of  other  pathological  conditions. 

In  experimental  fat  embolism,  the  fall  in  blood  pressure  is  gradual 
and  progressive.  But  the  beginning  of  the  fall  in  pressure  is  not 
synrhronous  with  the  beginning  of  the  injections  of  the  oil.  A  remark- 
ably large  amount  of  oil  can  be  introduced  into  the  veins  of  an  anes- 
thetized dog  without  producing  more  than  a  very  slight  and  tempor- 
ary fall  in  arterial  pressure.  There  appears  to  be  a  roughly  quanti- 
tative relation  between  the  body  weight  of  the  dog  and  the  amount  of 
olive  oil  that  must  be  injected  to  cause  the  arterial  pressure  to  start 
downward  permanently.     In  the  experiments  of  this  series  it  was 

"  Graham,  G.  S.,  J.  Med.  Research,  1907,  xi,  459. 

'*  P'lournoy,  T.,  Contribution  a  I'etude  de  I'embolie  graisseuse,  Inaugural  dis- 
sertation, Strassburg,  1878,  quoted  by  Warthin.'* 

"  Katasc,  A.,  Cor.-Bl.  schweiz.  Aertze,  1917,  xlvii,  545. 
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necessary  to  inject  approximately  1  cc.  of  oil  for  each  pound  of  body 
weight  in  order  to  bring  about  a  fall  of  pressure  of  any  duration.  The 
results  in  twelve  animals  are  shown  in  tabular  form  in  Table  I.  In 
this  table  are  shown  the  weight  of  the  animal  and  the  number  of 
cubic  centimeters  of  oil  that  were  injected  before  the  arterial  pressure 
was  permanently  and  materially  lowered.  It  was  somewhat  difficult 
to  establish  a  standard.  But  for  the  purposes  of  this  tabulation, 
it  was  considered  that  the  pressure  had  been  permanently  and  ma- 


The  Quantity  of  Oil  Necessary  to  Reduce  Permanently  and  Materially  the  Arterial 
Pressure  in  Anesthetized  Dogs. 


Animal  No. 

Weight. 

Amount  of 
oil     neces- 
sary to 
reduce  ar- 
terial 
pressure. 

Amount  of 
oil  per 
pound  of 

body 
weight. 

Dosage  of 
injections. 

Frequency 
of 

injections. 

Total 
amount  of 

oil 
injected. 

Initial  injection 
of  Witte's 
peptone. 

lbs. 

cc. 

cc. 

cc. 

min. 

cc. 

4 

5 

19 

35 

21 
29 

1.1 

0.8 

2-5 
2 

1-2 

2-4 

26 

37 

No  injection. 

6 

24 

23 

0.9 

2 

3-4 

23 

«           « 

7 
8 
9 

34 
27 
30 

35 
28 
42 

1.0 
1.0 
1.4 

5 
2 
2 

1-5 
2 
1 

55 
28 
44 

Injection. 
No  injection. 

10 

30 

25 

0.8 

2-4 

1 

38 

Injection. 

1 
3 
11 

18 
42 
15 

20 
50 
16 

1.1 
1.2 
1.0 

2 
5 
1-2 

1 
1-3 

1 

28 
55 
19 

No  injection. 
Injection. 

12 

18 

18 

1.0 

2 

1-2 

18 

" 

13 

30 

70 

2.3 

2-10 

1-9 

70 

No  injection. 

.Average  (on 

lilting  Dog  13)  .  . 

1.0+ 

terially  reduced  when  there  had  been  a  lasting  fall  of  20  to  30  mm.  of 
mercury  from  the  initial  pressure,  provided  the  decline  did  not  reduce 
the  pressure  below  100  mm.  of  mercury.  The  minimum  was  29  cc. 
for  a  35  pound  dog;  the  maximum,  70  cc.  for  a  30  pound  dog.  If  we 
omit  from  consideration  Dog  13,  which  was  distinctly  abnormal  in  his 
resistance  to  the  injections  of  oil,  it  is  seen  that  the  average  quantity 
of  oil  necessary  to  initiate  a  permanent  fall  in  blood  pressure  in  the  dog 
is  approximately  equal  to  1  cc.  of  oil  for  each  pound  of  weight  of  the 
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animal;  that  is,  a  25  pound  dog  would  require  about  25  cc.  of  oil,  and 
a  150  pound  man  about  150  cc,  to  induce  a  lasting  fall  in  pressure,  if 
the  same  quantitative  relations  hold  for  man  as  for  the  dog. 

It  apparently  makes  only  slight  difference  whether  this  critical 
quantity  is  injected  in  amounts  of  1  or  2  cc.  of  oil  at  intervals  of  1 
or  2  minutes,  or  in  quantities  of  5  to  10  cc.  at  a  time.  When  the 
larger  amounts  are  injected,  with  short  intervals  between  the  injec- 
tions, the  mechanism  of  adaptation  is  put  to  a  greater  strain,  the 
critical  point  may  be  slightly  lowered,  the  immediate  fall  is  more 
marked,  and  the  recovery  more  slow  (Fig.  5).  But  even  when  rela- 
tively enormous  quantities  of  oil  are  injected  at  one  time  and  fairly 
rapidly  (for  example,  in  one  experiment,  75  cc.  of  oil  were  injected 
very  rapidly  into  a  29  pound  dog  from  a  burette  connected  with  the 
cannula  in  the  femoral  vein)  the  fall  in  pressure  is  much  more  gradual 
than  in  the  case  of  peptone  or  anaphylactic  shock  (Fig.  6) . 

Several  factors  of  safety,  which  in  peptone  shock  appear  to  be  entirely  useless, 
are  thoroughly  eflfective  in  fat  embolism  in  the  dog.  In  the  first  place,  many 
years  ago,  Lichtheim-"  showed  that  three-fourths  of  the  pulmonary  circulation 
may  be  occluded  without  affecting  the  systemic  pressure.  Tigerstedt^'  and  Ger- 
hardt''^  have  both  confirmed  this  observation,  although  Gerhardt,  who  worked 
with  spontaneously  breathing  rabbits,  questioned  Lichtheim's  explanation  of  the 
phenomenon.  More  recently,  Kuno^'  has  shown  that  the  lungs  may  contain 
from  8.8  to  19.44  per  cent  of  the  amount  of  blood  in  the  body,  depending  upon 
the  condition  of  the  circulation. 

It  is  evident,  therefore,  that  much  of  the  vascular  space  of  the  lungs 
can  be  closed  without  causing  a  fall  in  arterial  pressure,  a  conclusion 
amply  justified  by  the  results  here  reported.  This  is  due  in  part  to 
the  presence  of  an  excessively  large  vascular  area  in  the  lungs  in 
which  there  is  probably  ordinarily  much  dead  space  where  the  circu- 
lation is  not  active.     But  the  occlusion  may  involve  more  than  this 

^''  Lichtheim,  L.,  Die  Storungen  des  Lungenkreislaufes  und  ihr  Einfluss  auf  den 
Blutdruck,  Breslau,  1876,  cited  by  Tigerstedt,  R.,  Ergebn.  Physiol.,  1903,  ii,  pt.  2, 
528. 

"  Tigerstedt,  R.,  Ergebn.  Physiol.,  1903,  ii,  pt.  2,  528;  Skand.  Arch.  Physiol., 
1903,  xiv,  259. 

"^  Gerhardt,  D.,  Z.  klin.  Med.,  1904,  Iv,  195. 

2»  Kuno,  Y.,  J.  Physiol.,  1917,  Ii,  154. 
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excess  of  vascular  area,  and  the  systemic  pressure  may  still  be  main- 
tained at  the  normal  level  by  increased  work  on  the  part  of  the  right 
ventricle.  Gerhard t--  observed  a  rise  in  pressure  in  the  pulmonary 
artery  under  these  conditions.  Furthermore,  the  capillaries  of  the 
lungs  are  capable  of  very  great  distention,  and  by  dilatation  the  still 
unoccluded  capillaries  can  permit  the  passage  of  an  undiminished  or 
only  slightly  diminished  supply  of  blood  to  the  left  side  of  the  heart. 

A  more  detailed  analysis  of  the  curve  of  arterial  pressure  obtained 
during  the  successive  injections  of  small  amounts  of  olive  oil  into 
the  veins  of  a  dog  shows  it  to  be  more  complex  than  the  simple  curve 
of  peptone  shock.  In  Fig.  2  is  shown  the  effect  of  injecting  a  15 
pound  dog  with  1  or  2  cc.  doses  of  olive  oil  at  intervals  of  1  to  2  min- 
utes, until  a  total  of  19  cc.  had  been  injected.  It  is  seen  that  the  first 
one  or  two  injections  produced  hardly  any  perceptible  effect.  With 
each  succeeding  injection  the  immediate  fall  in  pressure  became 
greater  and  greater  and  the  return  to  normal  slower  and  slower. 
Finally,  a  point  was  reached  at  which,  after  each  injection,  the  pres- 
sure did  not  again  reach  its  former  level.  In  the  case  of  this  particu- 
lar animal,  an  injection  of  peptone  had  been  given,  from  the  effects  of 
which  it  had  not  completely  recovered  when  the  injections  of  oil 
were  begun.  This  accounts  for  the  fact  that  the  arterial  pressure 
continued  to  rise  slowly  for  some  minutes  in  spite  of  the  injections  of 
oil  (see  also  Fig.  3). 

After  the  critical  point  had  been  reached,  each  succeeding  dose  of 
oil  brought  the  pressure  lower  and  lower.  If  theinjections  were  stopped 
soon  enough,  however,  the  animal  could  usually  be  kept  alive  for 
some  time  and  the  various  phases  of  the  condition  studied.  In  all 
the  animals,  when  the  arterial  pressure  showed  a  permanent  and  mate- 
rial depression,  however  slight  at  first,  the  condition  gradually  be- 
came worse,  and  the  animal  died  in  from  1  to  3  hours.  If  the  in- 
jections were  continued,  the  animal  succumbed  very  quickly.  The 
anesthetic  doubtless  played  a  part  in  the  progressively  fatal  course. 

The  interpretation  of  these  results  is,  perhaps,  obvious.  It  would 
seem  to  be  a  legitimate  conclusion  that  the  oil  first  injected  merely 
filled  some  of  the  excess  vascular  space  in  the  lungs.  When  this  ex- 
cess was  used  up,  the  unoccluded  capillaries  dilated  sufficiently  to 
permit  the  passage  of  an  undiminished  or  only  slightly  diminished 
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volume  of  blood.  When  the  capillary  area  was  still  further  reduced, 
the  right  ventricle  was  still  able,  by  increasing  its  work,  to  deliver 
the  necessary  amount  of  blood  to  the  left  side  of  the  heart.  It  is 
not  to  be  supposed,  however,  that  each  of  these  factors  of  safety  came 
into  action  separately  and  in  the  order  named.  They  probably  all 
became  active  early,  but  in  varying  degrees.  The  increasing  extent 
of  fall  and  slower  recovery  after  each  succeeding  injection  was  due  to 
the  increasing  difificulty  of  readjustment  of  these  various  factors  to  the 
augmented  load  placed  upon  them.  A  point  was  ultimately  reached 
at  which  the  fall  in  pressure  induced  by  each  injection  was  roughly 
proportional  to  the  amount  of  reduction  in  the  remaining  vascular 
space  in  the  lungs  by  that  injection.  That  this  was  probably  true 
was  indicated  by  the  great  difference  in  the  amount  of  fall  in  pressure 
induced  by  the  same  volume  of  oil  injected  before  and  after  the  criti- 
cal quantity  had  been  reached  (Figs.  2  and  3).  The  progressively 
downward  course  was  probably  the  result  of  a  break  in  compensation 
on  the  part  of  the  various  adaptive  factors  of  safety. 

Differences  in  the  Effect  of  Peptone  Shock  and  Experimental  Fat 
Embolism  upon   Venous  Pressure. 

The  differences  in  the  effects  of  peptone  shock  and  experimental  fat 
embolism  upon  venous  pressure  are  equally  striking.  In  the  former, 
there  is  usually  a  slight  preliminary  rise  due  to  the  volume  of  fluid 
suddenly  injected  into  the  veins  with  the  peptone.  This  is  followed 
by  a  precipitate  fall.  The  arterial  and  venous  pressures  thus  run 
practically  parallel  (Fig.  1).  While  the  arterial  pressure  is  gradu- 
ally rising  as  the  animal  recovers,  the  venous  pressure  also  rises. 
The  onset  of  dyspnea  during  peptone  shock  causes  a  further  fall  in 
venous  pressure  and  a  rise  in  arterial  pressure  as  already  described. 

In  experimental  fat  embohsm,  the  venous  and  arterial  pressures 
change  in  opposite  directions.  During  the  successive  injections  of 
small  amounts  of  oil  there  occurs  usually  a  slight  temporary  rise  in 
venous  pressure  simultaneously  with  the  slight  evanescent  fall  in 
arterial  pressure.  But  both  quickly  return  to  normal.  It  is  not 
imtil  the  critical  quantity  of  oil  has  been  injected  that  there  is  a 
lasting  rise  in  venous  pressure.     A  relatively  small  amount  of  oil  in- 
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jected  at  this  time  will  cause  a  rapid  rise  in  venous  pressure  synchro- 
nous with  the  marked  fall  in  arterial  pressure  described  above  (Figs. 
2  and  3). 

In  peptone  shock  the  venous  pressure  falls  because  of  the  sudden 
stagnation  of  blood  in  the  liver  and  organs  of  the  splanchnic  area. 
It  does  not  reach  the  larger  veins  which  are  relatively  collapsed.  In 
fat  embolism  the  blood  cannot  reach  the  systemic  circulation  because 
of  the  blocking  of  its  passage  through  the  lungs.  The  blood  of  the 
body,  therefore,  accumulates  in  the  veins.  Since  all  the  vessels  still 
retain  their  normal  tone,  the  venous  pressure  rises. 

It  seems  obvious  that  if  a  sufficient  amount  of  fat  has  entered  the 
lungs  to  cause  a  fall  in  arterial  pressure  in  any  case  of  surgical  shock, 
there  should  also  be  present  at  the  same  time  an  elevation  of  venous 
pressure,  for  in  experimental  fat  embolism  in  the  dog  the  venous  pres- 
sure begins  to  rise  only  when  the  arterial  pressure  begins  to  fall. 
There  has  not  been  opportunity  to  make  observations  upon  this  point 
on  human  cases  of  shock. 

Effects  of  Dyspnea  in  Peptone  Shock  and  in  Experimental  Fat  Emholism. 

In  two  papers  published  in  1916,  it  was  shown  that  dyspnea  will  cause  a  rise 
in  arterial  pressure  in  anaphylactic  and  peptone  shock.-*  Weil,"  who  appears  to 
have  seen  only  the  first  of  these  papers  in  which  the  idea  was  not  fuUy  developed, 
has  recently  stated  that  "this  novel  hypothesis  is  quite  unsupported  by  confirma- 
torj-  experiments."  It  seems  advisable,  therefore,  to  restate  briefly  the  evidence 
upon  which  this  claim  was  made.  The  phenomenon  was  first  observed  in  the 
course  of  experiments  to  determine  the  state  of  vasomotor  irritability  in  anaphy- 
lactic shock  in  dogs.  It  was  noticed  that  during  the  stage  of  low  blood  pressure, 
doses  of  1  cc.  of  a  1:  4,000  solution  of  nicotine  sometimes  produced  a  greatly  ex 
aggerated  reaction.  When  this  occurred  the  percentile  rise-^  varied  from  30  per 
cent  to  more  than  200  per  cent,  as  contrasted  with  a  percentile  rise  of  10  to  17 
per  cent  before  the  induction  of  shock,  and  with  an  average  percentile  rise  of  less 
than  10  per  cent  after  its  production  in  those  instances  in  which  nicotine  did  not 
bring  about  dyspnea  (I'able  II).  It  was  observed  further,  that  whenever  this 
augmented  reaction  occurred,  the  injection  of  nicotine  was  invariably  followed 
by  more  or  less  dyspnea,  and  that  the  rise  in  pressure  was  roughly  proportional 
to  the  severity  of  the  dyspnea. 

2*  Simonds,  J.  P.,  /.  Infect.  Dis.,  1916,  xix,  746;  Arch. Int. Med.,  1916,  xviii,  848. 
2°  Porter.  W.  T.,  Am.  J.  Physiol..  1907-08,  xx.  399;  1914,  x.xxiii,  373. 
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Dyspnea  induced  by  other  means,  such  as  increasing  the  amount  of 
carbon  dioxide  in  the  inspired  air,  and  stimulation  of  an  afferent 
nerve,  has  given  similar  results.  But  there  is  no  method  of  causing 
dyspnea  in  an  anesthetized  dog  that  is  entirely  free  from  criticism. 
Asphyxia  is  known  to  cause  a  rise  in  blood  pressure  in  the  normal 
anesthetized  animal.  In  the  stimulation  of  an  afferent  nerve  it  is 
not  always  easy  to  determine  for  a  given  animal  the  exact  strength 
of  current  that  will  produce  the  maximum  of  dyspnea  with  a  minimum 
of  pressor  or  depressor  effect. 

There  is  reason  to  believe  that  for  the  purpose  of  determining  the 
effect  of  dyspnea  upon  the  low  blood  pressure  associated  with  pep- 
tone shock,  that  induced  by  the  injections  of  nicotine  may  be  freer 
from  criticism  than  that  brought  about  by  any  other  method.  It 
has  been  shown  by  Hoskins  and  Ranson-*  that  nicotine  causes  vaso- 
constriction chiefly  by  its  action  upon  the  sympathetic  ganglia, 
but  partly  by  its  action  upon  the  vasomotor  center.  Adrenalin,  on 
the  other  hand,  produces  a  rise  in  blood  pressure  as  a  result  of  its  ac- 
tion upon  the  nerve  endings  in  the  vessel  wall.^'  Hence  nicotine,  as 
a  rule,  cannot  produce  a  rise  in  blood  pressure  in  those  conditions 
in  which  adrenahn  is  completely  ineffective.  In  anaphylactic  shock 
and  in  peptone  poisoning,  injections  of  adrenalin  are  without  ap- 
preciable effect  until  the  blood  pressure  has  begun  to  rise.  Even 
when  the  reaction  does  return,  the  percentile  rise  is  reduced,  and  only 
gradually  approaches  the  normal  for  the  given  animal  as  the  absolute 
pressure  nears  its  former  level.  The  reaction  to  nicotine,  when  un- 
accompanied by  dyspnea,  follows  an  exactly  similar  course;  that  is, 
the  actual  and  percentile  rises  in  blood  pressure  following  nicotine 
injections  (without  dyspnea)  gradually  increase  from  zero  to  their 
pre-shock  values  as  the  absolute  pressure  rises  to  its  normal,  as  shown 
in  Table  II.  This  is  especially  evident  when  the  results  of  injections 
of  nicotine  in  spontaneously  breathing  animals  are  compared  with 
those  obtained  in  dogs  similarly  treated  but  with  the  thorax  open 
and  artificial  respiration  employed.  The  fact  that  the  actual  and 
percentile  rises  caused  by  injections  of  adrenalin  and  nicotine,  when 

"  Hoskins,  R.  G.,  and  Ranson,  S.  W.,  /.  Pharm.  and  Exp.  Therap.,  1915,  vii, 
375. 
"  Dixon,  W.  E.,  J.  Physiol,  1904,  x.xx,  97. 
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Effects  of  Injections  of  Nicotine*  with  and  without  Dyspnea  upon  Low  Blood  Pressure 
Associated  with  Anaphylactic  and  Peptone  Shock. 


Before  induction  of  peptone  or 
anaphylactic  shock. 

After  induction  of  peptone  or  anaphylactic  shock. 

Animal 
No. 

Initial 
pres- 
sure. 

Maxi- 
mum 
result- 
ant 
pres- 

Abso- 
lute rise 
in  pres- 
sure. 

Per- 
centile 

pres- 

Initial 
pres- 

Maxi- 

result- 
ant 
pres- 
sure. 

Abso- 
lute rise 
in   pres- 

Per- 
centile 

pres- 
sure. 

Dyspnea. 

14 

110 

125 

15 

per  cent 

10 

35 
35 
35 

35 
120 

75 

0 

85 
40 

per  cent 

0 

243 
114 

None. 

Violent. 

Marked. 

15 

105 

115 

10 

10 

15 

35 
75 
75 

20 
90 
80 
115 

5 
55 

5 
40 

33 

157 

7 

53 

Slight. 
Marked. 
None. 
Moderate. 

16 

125 

145 

20 

16 

30 
50 
80 

30 
85 
120 

0 
35 
40 

0 
70 
50 

None. 
Moderate. 

17 

140 

150 

10 

7 

35 
20 
80 

70 
70 
115 

35 
50 

35 

100 
250 

44 

Marked. 
Violent. 
Moderate. 

18 

180 

200 

20 

11 

35         38 
30         40 
55       100 

3 
10 
45 

9 

33 
80 

None. 
Slight. 
Moderate. 

19 

100 

110 

10 

10 

20 

35 
45 

55 
60 
55 

25 
50 
65 
65 
80 
65 

5 

15 
20 
10 
20 
10 

25 
43 
44 
18 
33 
18 

Marked. 

Moderate. 

None. 
Slight. 
None. 

20 

160 

175 

15 

9 

30 
35 
55 
60 

30         0 
45       10 
65       10 
120       60 

0 

28 

18 

100 

None. 
SUght. 
None. 
Marked. 

Standard  dose,  1  cc.  of  a  1 :  4,000  solution  of  nicotine  intravenously. 
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TABLE  U— Concluded. 


Before  induction  of  peptone  or 
anaphylactic  shock. 

At 

er  induction  of  peptone  or 

anaphylactic  shock. 

Animal 
No. 

Initial 
pres- 

Masi- 
mum 
result- 
ant 
pres- 

Abso- 
lute rise 
in    pres- 

Per- 
centile 

pres- 
sure. 

Initial 
pres- 

Mali- 

result- 
ant 
pres- 
sure. 

Abso- 
lute rise 
in    pres- 
sure. 

Per- 
centile 

pres- 

Dyspnea. 

mm. 

mm. 

mm. 

per  cent 

mm. 

mm. 

mm. 

per cent 

21 

100 

110 

10 

10 

55 

55 

0 

0 

Chest  open.  Ar- 

45 

47 

2 

4 

tificial      respi- 

65 

70 

5 

8 

ration. 

52 

56 

4 

8 

65 

70 

5 

8 

22 

120 

140 

20 

17 

25 

25 

0 

0 

Chest  open.    Ar- 

50 

52 

2 

4 

tificial      respi- 

65 

70 

5 

8 

ration. 

■ 

85 

95 

10 

12 

105 

120 

15 

14 

unaccompanied  by  dyspnea,  in  anaphylactic  and  peptone  shock  run 
parallel  courses,  indicates  that  the  direct  pressor  action  of  nicotine  is 
inhibited  by  the  same  condition  that  renders  adrenalin  ineffective. 
It  is  for  these  reasons  that  in  anaphylactic  and  peptone  shock  we  con- 
sider the  exaggerated  rise  in  blood  pressure  induced  by  nicotine  as  a 
more  purely  mechanical  effect  than  a  similar  rise  accompanying 
dyspnea  brought  about  by  any  other  method. 

We  may  summarize  the  evidence  that  the  augmented  reaction  to 
nicotine  frequently  observed  in  the  condition  of  low  blood  pressure 
associated  with  peptone  poisoning  is  due  wholly  to  the  mechanical 
effect  of  the  dyspnea,  as  follows:  (1)  It  occurs  only  in  the  stage  of  low 
blood  pressure,  and  only  when  the  dose  of  nicotine  causes  dyspnea. 
It  does  not  appear  when  the  blood  pressure  is  normal  even  if  dyspnea 
is  produced.  (2)  It  has  not  been  observed  in  any  animal  in  wliich 
the  chest  has  been  opened  and  artificial  respiration  employed.  (3) 
It  is  not  due  to  any  cumulative  elTcct  because  of  the  slowed  circula- 
tion, for  a  double  dose  of  the  drug  will  not  cause  such  an  augmented 
reaction  before  the  condition  of  shock  is  induced.  During  the  condi- 
tion of  shock  a  2  cc.  dose  is  more  Ukely  to  produce  dyspnea  and  is 
therefore  more  frequently  followed  by  a  magnified  rise  in  pressure 
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than  is  a  1  cc.  dose.  A  double  dose  without  dyspnea  does  not  yield 
the  normal,  i.e.  pre-shock,  percentile  rise.  (4)  This  augmented  reac- 
tion occurs  at  a  stage  in  the  condition  of  shock  when  adrenalin  is 
without  effect,  and  when,  from  our  knowledge  of  the  pharmacologic 
action  of  nicotine,^'  no  response  to  injections  of  that  drug  is  to  be 
expected.  (5)  With  a  large  reservoir  of  stagnating  blood  in  the  liver, 
conditions  are  favorable  for  the  most  effective  results  from  increased 
respiratory  suction  and  from  the  force-pump  action  of  the  vigorously 
contracting  diaphragm.  The  distance  from  the  right  auricle  to  the 
point  of  entry  of  the  hepatic  vein  into  the  inferior  vena  cava  is  short. 
The  latter  vessel  is  prevented  from  collapsing  by  its  attachment  to 
the  central  tendon  of  the  diaphragm  through  which  it  passes.  By 
this  pump-like  action  increased  amounts  of  blood  are  brought  to  the 
underfilled  right  ventricle  and  dehvered  at  once  through  the  unim- 
peded pulmonary  circulation  to  the  left  ventricle  and  thence  to  the 
systemic  circulation,  with  the  resultant  rise  in  pressure.  When  the 
blood  pressure  is  normal,  dyspnea  does  not  cause  this  marked  rise 
because  there  is  no  large  convenient  reservoir  of  blood  for  respiratory 
suction  to  act  upon,  and  because  the  right  side  of  the  heart  is  already 
fining  properly  with  each  diastole. 

During  the  first  ^  minute  or  so  after  the  blood  pressure  approaches 
or  reaches  its  minimum  in  anaphylactic  or  peptone  shock,  dyspnea 
frequently  is  not  effective  in  causing  a  rise  in  pressure.  This  is  es- 
pecially well  seen  by  contrasting  the  results  of  injections  of  nicotine 
in  Dogs  17  and  19  (Table  II).  With  a  pressure  of  20  mm.  of  mercury 
immediately  before  the  injection  of  the  second  dose  of  nicotine  (11 
minutes  after  injecting  5  cc.  of  normal  horse  serum)  in  Dog  17,  a 
violent  dyspnea  produced  a  rise  of  250  per  cent.  With  the  same  ini- 
tial pressure  in  Dog  19,  between  5  and  1  minute  after  gi\ing  5  cc. 
of  horse  serum,  a  rise  of  only  25  per  cent  was  produced  in  spite  of  the 
marked  dyspnea  which  the  injection  of  nicotine  caused. 

The  type  of  the  rise  in  blood  pressure  which  accompanies  dyspnea 
in  peptone  shock  varies  with  the  severity  of  the  dyspnea.  If  this  is 
violent,  as  in  Dog  14  (Fig.  4),  the  rise  is  rapid;  if  only  moderate,  as  in 
Dog  17,  the  rise  is  somewhat  less  steep.^^     The  degree  of  dyspnea  does 

^*  The  tracing  from  this  dog  was  published  in  connection  with  the  paper  on 
"Anaphylactic  shock  in  dogs,"  J.  Infect.  Dis.,  1916,  xix,  746. 
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not  affect  the  percentile  rise  so  much  as  it  affects  the  rate  at  which 
the  rise  occurs.  In  either  case,  there  is,  in  the  early  stages,  a  tend- 
ency for  the  pressure  to  fall  again,  but  usually  less  rapidly  than  it 
rose.  As  a  rule,  the  pressure  does  not  again  return  to  its  former  low 
level,  unless  the  dose  of  peptone  was  very  large.  It  then  not  infre- 
quently falls  to  a  still  lower  plane.  For  example,  Dog  17,  with  a 
blood  pressure  of  only  20  mm.  of  mercury  at  the  time  of  the  induction 
of  the  second  period  of  dyspnea,  by  nicotine,  was  apparently  in  ex- 
tremis. The  dyspnea  was  violent  and  induced  a  rise  in  pressure  of 
250  per  cent,  and  the  animal  recovered  in  a  relatively  short  time. 
Similar  results,  although  usually  less  spectacular,  have  been  obtained 
in  many  animals. 

Dyspnea  is,  therefore,  an  important  therapeutic  agent  in  low  blood 
pressures  of  the  type  present  in  anaphylactic  and  peptone  shock.  By 
bringing  the  pressure  above  the  danger  zone  at  frequent  intervals  by 
the  repeated  induction  of  short  periods  of  dyspnea,  the  life  of  the 
animal  can  usually  be  saved.  Whether  equally  beneficial  results  will 
follow  its  use  in  surgical  shock  in  human  patients  will  depend  upon 
the  mechanism  of  that  condition.  If  the  low  blood  pressure  in  sur- 
gical shock  resembles  that  in  peptone  poisoning  in  that  it  is  accom- 
panied by  a  reservoir  of  stagnating  blood  in  the  liver,  it  would  seem 
reasonable  to  expect  salutary  results  from  the  frequent  induction  of 
periods  of  dyspnea  by  some  method  which  can  be  applied  with  safety 
in  human  cases,  such  as  increasing  the  carbon  dioxide  content  of  the 
inspired  air.  If,  on  the  other  hand,  surgical  shock  has  an  entirely 
different  mechanism,  as,  for  example,  fat  embolism,  little  permanent 
benefit  can  be  expected  from  the  use  of  dyspnea.  Incidentally  it 
may  be  remarked  that  the  study  of  the  effects  of  dyspnea  in  surgical 
shock  in  man  may  yield  information  of  value  in  determining  the 
nature  and  mechanism  of  that  condition. 

Since  I  had  observed  that  dyspnea  causes  a  rise  in  blood  pressure 
in  anaphylactic  and  peptone  shock, -^  Porter's-'  report  that  dyspnea 
causes  a  rise  in  the  low  blood  pressure  accompanying  fat  embolism 
led  to  the  present  comparative  study  of  these  two  conditions.  My 
experiments  have  confirmed  Porter's  observation,  although  the  re- 

"  Porter,  W.  T.,  Boslon  Med.  and  Surg.  J.,  1917,  cLx.wi,  699. 
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suits  are  far  less  striking  than  in  peptone  shock.  The  character  of 
the  curve  is  different  from  that  obtained  in  peptone  shock.  In  ex- 
perimental fat  embolism,  the  rise  induced  by  dyspnea  is  usually  less 
marked,  the  ascent  is  more  gradual,  and  the  decline  usually  slower. 
The  pressure  tends  to  fall  progressively  lower  between  the  periods 
of  dyspnea,  so  that  the  tendency  to  recover  is  lacking.  All  the  ani- 
mals of  this  series  whose  blood  pressures  showed  a  permanent  fall  in- 
variably succumbed.  In  several  instances  dyspnea  appeared  to  hasten 
the  end  by  causing  acute  pulmonary  edema.  The  increased  negative 
intraalveolar  pressiu-e  as  a  result  of  the  deeper  and  more  forcible 
inspirations  may  have  been  a  factor  in  the  production  of  this  edema 
as  in  the  case  of  adrenalin  pulmonary  edema  in  rabbits  described 
by  Auer  and  Gates.^" 

Artificial  respiration  with  a  bellows  has  been  found  to  cause  a 
rise  in  pressure  in  experimental  fat  emboUsm  in  some  dogs.  This 
rise,  when  it  does  occur,  is  very  gradual  (Figs.  7  and  8). 

In  %-iew  of  the  marked  differences  in  the  state  of  the  circulation 
in  these  two  conditions,  to  explain  the  rise  in  arterial  pressure  accom- 
panjing  or  following  dyspnea  in  fat  embolism  upon  the  same  basis 
as  the  similar  phenomenon  in  peptone  shock,  namely  as  a  result  of 
respiratory  suction,  as  is  done  by  Porter,-'  would  hardly  seem  justified. 
Conditions  are  certainly  not  favorable  in  fatembohsm  for  the  activity 
of  this  force.  (1)  There  in  no  convenient  large  reservoir  of  stagnating 
blood  upon  which  respiratory  suction  can  be  exerted.  Instead,  there 
is  a  general  venous  stasis.  The  distribution  of  the  blood  in  the  body 
can  be  influenced  by  gravity.  Thus,  if  the  foot  of  the  operating  board 
is  raised,  the  venous  sinuses  of  the  brain  will  be  found  at  autopsy 
greatly  distended  with  blood.  If  at  autopsy  the  skull  is  opened  before 
the  thorax  is  disturbed,  enormous  quantities  of  blood  flow  from  the 
opened  sinuses,  indicating  the  extreme  degree  of  venous  stasis.  This 
does  not  occur  in  anaphylactic  and  peptone  shock.  (2)  The  right  side 
of  the  heart  is  already  overfilled  with  blood.  To  add  more  blood 
would  only  increase  its  burden  and  augment  the  tendency,  already 
present,  to  acute  dilatation.  (3)  A  large  portion  of  the  vascular 
bed  of  the  lungs  is  occluded.     Any  additional  blood  brought  to  the 

'»  Auer,  J.,  and  Gates,  F.  L.,  J.  Exp.  Med.,  1917,  .xxvi,  201. 
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heart  by  respiratory  suction  or  any  other  force  could  not  be  delivered 
to  the  left  ventricle  where  it  is  needed  to  raise  arterial  pressure.  (4) 
The  venous  pressure  rises  when  the  arterial  pressure  falls  (Figs.  2 
and  3).  (5)  The  vessels  still  retain  their  functional  integrity  as 
shown  by  the  reaction  to  adrenalin  (Fig.  8). 

A  more  reasonable  explanation,  but  one  difficult  to  verify,  is  that 
in  experimental  fat  embolism  dyspnea,  and  perhaps  artiticial  respi- 
ration with  a  bellows,  in  some  way  facilitates  the  passage  of  blood 
through  the  lungs.  Cloetta"  has  called  attention  to  the  effect  of 
inflation  of  the  alveoli  upon  the  caUber  of  the  interalveolar  capillaries. 
When  the  lung  is  collapsed,  the  capillaries  are  reduced  in  diameter. 
With  moderate  inflation  there  is  radial  traction  upon  these  vessels 
and  their  lununa  are  increased  in  size.  With  marked  inflation,  the 
capillaries  are  narrowed,  both  by  compression  and  by  linear  extension. 
In  dyspnea  this  cycle  is  repeated  in  rapid  succession,  so  that  a  milk- 
ing action  upon  the  capillaries  is  produced  which  would  tend  to  dis- 
lodge mechanically  the  occluding  droplets  of  oil  from  these  vessels. 
But  the  question  of  the  mechanism  by  which  dyspnea  and  artificial 
respiration  cause  a  rise  in  blood  pressure  in  experimental  fat  embol- 
ism must  remain  for  the  present  without  a  satisfactory  answer. 

We  may  summarize  the  effects  of  dyspnea  upon  the  low  blood 
pressures  in  peptone  and  anaphylactic  shock  and  in  e.xperimental  fat 
embolism  as  follows:  In  the  former,  the  rise  in  pressure  is  relatively 
sharp;  there  is  a  tendency  to  decUne,  but  the  pressure  does  not  usu- 
ally reach  its  former  low  level  unless  the  dose  of  peptone  was  excep- 
tionaUy  large;  and  the  animal  generally  recovers  if  the  periods  of 
dyspnea  are  repeated  with  sufficient  frequency  to  prevent  serious  dam- 
age to  the  vital  centers  of  the  brain  by  the  anemia.  In  experimental 
fat  embolism,  the  rise  in  pressure  accompanying  dyspnea  and  the  sub- 
sequent decline  are  usually  more  gradual  than  in  peptone  shock; 
the  tendency  is  for  the  pressure  to  sink  progressively  lower,  after 
each  paroxysm  of  dyspnea;  and  no  permanent  benefit  has  been  ob- 
served from  the  employment  of  dyspnea  after  the  arterial  pressure 
has  once  been  materially  and  permanently  reduced.     If  permanent 

^'  Cloelta,  M.,  Arch.  exp.  Path.  u.  Pharm.,  1912,  Ixx,  407. 
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improvement  in  surgical  shock  is  found  to  follow  repeated  periods 
of  dyspnea,  this  would  appear  to  be  indirect  evidence  that  this 
condition  is  not  due  to  fat  embolism. 

Further  Differences  between  the  Low  Blood  Pressure  Associated  with 
Peptone  Shock  and  Experimental  Fat  Embolism. 

In  peptone  and  anaphylactic  shock  the  respiration  is  usuallj'  not 
affected  except  for  the  temporary  dyspnea  that  occasionally  occurs 
during  the  fall  in  pressure.  In  e.xperimental  fat  embolism,  on  the 
other  hand,  two  very  unlike  changes  in  respiration  have  been  ob- 
served in  different  animals.  Sometimes  both  conditions  have  devel- 
oped in  the  same  animal  at  different  stages  of  the  experiment.  In  a 
number  of  dogs  a  violent  dyspnea  occurred,  lasted  for  several  minutes, 
and  usually  resulted  fatally.  This  was  almost  always  accompanied 
by  edema  of  the  lungs.  The  condition  closely  simulated  the  clinical 
picture  of  fat  embolism  sometimes  seen  after  fractures  of  long  bones. 
In  several  instances  the  difficulty  of  respiration  became  so  extreme  that 
it  was  necessary  to  disconnect  the  tracheal  cannula  from  the  ether 
bottle.  With  each  violent  expiration  a  shower  of  frothy  fluid  was 
blown  from  the  cannula.  The  degree  of  edema  appeared  to  bear  a 
direct  relation  to  the  severity  of  the  dyspnea. 

In  other  animals  a  condition  of  apnea  not  infrequently  developed 
unexpectedly  without  any  change  in  the  amount  of  anesthetic  being 
given.  This  may  occur  before  the  critical  quantity  of  oil  has  been 
reached  in  the  injections,  and  therefore  before  the  arterial  pressure 
has  begun  to  fall.  The  onset  of  apnea  may  be  sudden,  but  usually  it 
is  somewhat  gradual.  The  respirations  become  more  shallow  and  less 
frequent  until  they  stop  entirely,  as  in  fatal  ether  poisoning.  If  the 
anesthetic  is  removed  promptly  and  moderate  artificial  respiration 
instituted  at  once,  the  animal  can  usually  be  revived,  and  after  a  vary- 
ing period  of  time  will  begin  to  breathe  spontaneously  again.  If  the 
artificial  respiration  is  not  started  without  delay,  the  blood  pressure 
quickly  falls  and  the  heart  stops  beating  within  a  few  minutes.  A 
delay  of  |  minute  has  appeared,  in  some  instances,  to  result  in  the 
death  of  an  animal  that  might  have  been  revived.  Tfiis  apnea  has 
not  been  observed  in  peptone  shock. 
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'J'he  similarity  of  this  series  of  events  to  ether  poisoning,  and  the 
recovery  of  the  animal  upon  the  removal  of  the  anesthetic  and  the 
institution  of  artificial  respiration,  has  led  to  the  tentati\'e  explanation 
that  the  toxicity  of  ether  may  be  enhanced  in  experimental  fat  embo- 
hsm.  The  recovery  of  the  dog  under  the  conditions  noted  would 
seem  to  exclude  the  possibihty  of  any  organic  damage  to  the  respira- 
tory center  by  the  lodgment  therein  of  an  embolus  of  oil.  Careful 
postmortem  examination,  gross  and  microscopic,  of  the  region  of  the 
floor  of  the  fourth  ventricle  has  not  revealed  evidence  of  such  a 
lesion. 

Janeway  and  Jackson'  reduced  arterial  pressure  by  compressing  the  inferior 
vena  cava.  Release  of  the  compression  after  2  hours  was  followed  by  a  prompt 
rise  in  arterial  pressure,  which  slowly  fell  again,  and  the  animal  died  in  about  12 
hours.  They  consider  that  the  dilatation  of  the  peripheral  venules  and  capillaries 
as  a  result  of  the  increased  venous  pressure  caused  such  a  loss  of  tone  that  even 
after  normal  pressure  was  restored  they  became  overfilled  with  blood.  Too  little 
blood  was  thus  permitted  to  reach  the  heart  to  keep  the  arterial  pressure  above 
the  danger  zone  of  40  to  50  mm.  of  mercury,  and  the  animal  died. 

The  animals  used  in  this  series  of  experiments  were  observed  for 
varying  periods  of  time  after  the  injection  of  oil.  In  most  instances 
the  experiments  did  not  last  longer  than  5  hours.  Hence  from  the 
observations  of  Janeway  and  Jackson,  it  might  be  objected  that  an 
amount  of  fat  in  the  lungs  less  than  the  critical  quantity  may  cause 
a  fall  in  pressure  more  than  5  hours  after  the  injection.  That  there 
is  a  rise  in  venous  pressure  in  experimental  fat  embolism  is  known 
from  the  work  of  Warthin,''  and  of  Bissell,*  and  from  the  results  here 
reported.  But  as  far  as  these  experiments  go,  it  would  seem  that  a 
rise  in  venous  pressure  of  a  lasting  character  or  of  a  degree  greater 
than  the  fluctuations  observed  in  dogs  without  any  further  treatment 
than  the  administration  of  an  anesthetic,  does  not  begin  until  the 
critical  quantity  of  oil  has  been  injected  and  the  arterial  pressure 
has  begun  to  fall.  Even  then  the  venous  pressure  (external  jugu- 
lar-superior vena  cava)  may  be  lowered  by  dyspnea.  The  condi- 
tions present  in  experimental  fat  embolism  do  not,  therefore,  appear 
to  be  analogous  to  those  in  the  experiments  of  Janeway  and  Jackson 
until  a  relatively  large  amount  of  oil  has  been  administered.     After 
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this  point  has  been  reached,  that  is  after  tlie  venous  pressure  has 
begun  to  rise,  progress  to  a  fatal  termination  is  usually  rapid.  Hence 
there  is  no  reason  to  consider  this  possible  objection  valid. 

SUMMARY. 

1.  In  peptone  shock  there  is  a  marked,  precipitate  fall  in  arterial 
pressure.     At  the  same  time  there  is  a  fall  in  venous  pressure. 

2.  In  experimental  fat  emboHsm,  (a)  the  fall  in  blood  pressure  is 
always  gradual;  (b)  approximately  1  cc.  of  oil  for  each  pound  of  body 
weight  must  be  injected  before  a  lasting  fall  in  arterial  pressure  is 
produced;  (c)  it  makes  only  a  slight  difference  whether  this  amount 
is  injected  in  small  doses  at  a  time  or  in  relatively  large  quantities; 
and  (d)  when  the  arterial  pressure  falls,  but  not  till  then,  the  venous 
pressure  rises. 

3.  In  peptone  shock,  dyspnea,  by  its  suction  and  force-pump  action 
upon  the  reservoir  of  stagnating  blood  in  the  liver,  brings  more 
blood  to  the  heart  and  causes  a  rise  in  arterial  pressure.  By  repeat- 
edly inducing  short  periods  of  dyspnea  at  frequent  intervals,  perma- 
nently beneficial  results  are  obtained  and  the  life  of  the  animal  can 
be  saved. 

4.  In  experimental  fat  embolism,  dyspnea  will  cause  a  rise  in 
blood  pressure.  But  permanently  beneficial  results  have  not  been 
obtained  by  this  method.  If  dyspnea  is  found  to  bring  permanent 
improvement  in  surgical  shock,  it  is  indirect  e\'idence  that  this  condi- 
tion is  not  due  to  fat  embohsm.  Respiratory  suction  is  probably 
not  responsible  for  the  rise  in  blood  pressure  in  experimental  fat 
embolism.  It  seems  more  Hkely  that  the  dyspnea  in  some  way  facili- 
tates the  passage  of  blood  through  the  embarrassed  pulmonary 
circulation.  Artificial  respiration  with  a  bellows  will  also  frequently 
cause  a  rise  in  blood  pressure  in  experimental  fat  emboUsm. 

5.  In  peptone  shock  the  respiration  is  usually  not  affected,  al- 
though there  is  some  e\ddence  that  the  respiratory  center  may  be  in  a 
state  of  increased  irritabiUty.  In  experimental  fat  embolism,  in 
some  animals  a  violent  dyspnea  develops  spontaneously.  This  is 
usually  accompanied  by  edema  of  the  lungs.  In  other  instances,  an 
apnea  occurs,  even  before  the  blood  pressure  has  begun  to  decline. 
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EXPLANATION  OF  PLATES. 
Plate  17. 

Fig.  1.  The  fall  in  arterial  and  venous  pressures  associated  with  peptone 
shock.  Dog  3;  weight  42  pounds.  The  writing  point  of  the  venous  pressure 
manometer  was  recording  f  inch  in  advance  of  that  of  the  arterial  manometer. 

Fig.  2.  The  effect  on  arterial  and  venous  pressures  of  injecting  small  doses  of 
oil  at  frequent  intervals.  This  animal  had  been  previously  subjected  to  peptone 
shock,  which  accounts  for  the  gradual  rise  in  arterial  pressure  in  the  first  section 
of  the  tracing  (a),  in  spite  of  the  injections  of  oil.  Between  the  first  and  second 
(b)  sections  of  the  tracing,  4  minutes  elapsed  and  6  cc.  of  oil  were  injected.  Af- 
ter the  arterial  pressure  had  begun  to  fall,  the  respiration  became  slow  and  four 
inspirations  with  the  bellows  were  used  as  shown  in  the  second  section  of  the  trac- 
ing.    Dog  1 1 ;  weight  15  pounds. 

Plate  18. 

Fig.  .5.  The  effect  on  arterial  and  venous  pressures  of  the  injection  of  small 
doses  of  oil  at  frequent  intervals.  The  same  animal  as  in  Fig.  1.  Between  the 
first  (a)  and  second  (b)  sections  of  the  tracing  20  minutes  elapsed.  During  this 
time  a  clot  formed  in  the  venous  cannula.  In  removing  this  clot  some  fluid  was 
lost  from  the  system  of  transmission.  This  probably  accounts  for  the  lower  level 
of  the  venous  pressure  tracing  in  this  section  of  the  figure.  In  the  second  section 
the  arrows  indicate  corresponding  positions  of  the  writing  points  of  the  two 
manometers.      * 

Plate  19. 

Fig.  4.  Dog  14.  The  effect  of  nicotine  on  arterial  pressure  in  peptone  shock 
with  and  without  the  production  of  dyspnea,  a  and  b,  injections  of  adrenalin  and 
nicotine,  respectively,  before  the  induction  of  shock;  c,  peptone  injected;  d,  ad- 
renalin; e,  nicotine  without  dyspnea;/,  nicotine  with  marked  dyspnea.  Dosage 
1  cc.  of  1 :  50,000  adrenalin,  and  1  cc.  of  1 :  4,000  nicotine. 

Fig.  5.  The  effect  of  rapidly  injecting  large  single  doses  of  oil  at  frequent  in- 
tervals, the  total  amount  being  less  than  the  critical  quantity.  Moderately 
rapid  fall  in  pressure  with  gradual  rise  to  previous  level.  Dog  23;  weight  30 
pounds.  The  time  covered  by  the  tracing,  including  the  period  during  which 
the  drum  was  stationary,  was  18  minutes. 

Plate  20. 

Fig.  6.  Gradual  fall  in  arterial  pressure  after  rapid  injections  of  large  amounts 
of  olive  oil  (75  cc).  The  effect  on  respiration  is  also  shown.  Female  dog;  weight 
29  pounds.     Time  covered  by  entire  tracing,  7  minutes. 
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Fig.  7.  The  effert  of  artificial  respiration  with  a  bellows  upon  low  blood  pres- 
sure (arterial)  in  experimental  fat  embolism.  The  animal  was  breathing  spon- 
taneously when  the  artificial  respiration  was  instituted.  Time  covered  by  tracing, 
4  minutes. 

PL.4TE  21. 

Fig.  8.  The  effect  of  artificial  respiration  with  a  bellows  upon  low  arterial  pres- 
sure in  experimental  fat  embolism.  The  respiration  became  very  slow  and  fin- 
ally stopped.  Rapid  fall  in  pressure,  followed  by  gradual  rise  during  artificial 
respiration.  Between  the  first  (a)  and  second  (b)  sections  of  the  tracing  3  J  minutes 
elapsed.  During  this  time  the  pressure  continued  to  rise  gradually.  Respira- 
tion became  spontaneous  while  the  drum  was  stopped.  The  rise  in  pressure  indi- 
cated by  the  perpendicular  line  occurred  ver>'  quickly  upon  the  suspension  of  ar- 
tificial respiration  before  the  drum  could  be  started.  This  tracing  also  shows  the 
reaction  to  adrenalin  in  the  low  blood  pressure  due  to  experimental  fat  embolism 
in  contrast  to  the  absence  of  this  reaction  in  peptone  shock. 
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AUTOHEMAGGLUTINATION    EXPERIMENTALLY 

INDUCED  BY  THE  REPEATED  WITH- 

DRAW.'VL  OF  BLOOD. 

By  OSWALD  H.  ROBERTSON,  M.D.,  and  PEYTON  ROUS,   M.D. 

(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

Plate  22. 

(Received  for  publication,  March  II,  1918.) 

There  is  much  evidence  in  the  Hterature  to  show  that  moderate 
losses  of  blood  act  to  increase  the  titer  of  antibodies  developed  in 
response  to  an  injected  antigen.'  Little  attention,  though,  has  been 
given  to  whether  the  production  of  antibodies  normal  to  the  organism 
is  likewise  stimulated.  The  point  has  considerable  clinical  interest, 
especially  in  connection  with  the  remarkable  resistance  to  infection 
manifested  by  many  patients  with  severe  anemia.  In  the  work  now 
reported  one  phase  of  the  problem  has  been  taken  up;  namely,  the 
influence  of  repeated  bleedings  on  the  normal  isohemagglutinins. 

Experiment  1. — Interagglutination  tests  were  carried  out  with  the  cells  and 
sera  of  twelve  normal  rabbits.  The  cells  had  been  twice  washed  and  made  to  5 
per  cent  suspensions  with  salt  solution.  The  sera  were  obtained  from  the  clot  at 
room  temperature  (22°C).  Mixtures  of  each  serum  with  each  cell  suspension  in 
equal  parts  were  kept  at  22°C.  for  15  minutes  and  examined  with  the  micro- 
scope. .\gglutination  was  found  in  a  moderate  proportion  of  the  144  mixtures. 
Autoagglutination  was  not  noted. 

On  the  basis  of  the  findings,  the  animals  were  separated  into  two  groups,  each 
possessing  about  the  same  proportion  of  material  for  isoagglutination;  that  is  to 
say,  susceptible  cells  and  agglutinating  sera.  One  group  of  six  rabbits  was  set 
aside  as  controls,  and  the  remaining  six  rabbits  were  bled  10  cc.  from  the  heart 
every  3  to  6  days  during  a  period  of  2  months.  All  were  kept  under  the  same 
conditions.  From  time  to  time  the  interagglutination  tests  were  repeated,  some- 
times by  the  method  just  described,  sometimes  by  mixing  the  whole  citrated 
bloods  in  the  proportions  of  9  to  1  and  1  to  9,  according  to  the  method  of  Rous  and 
Turner.' 

'  See  Lippmann,  Z.  exp.  Path.  u.  Therap.,  1914,  .xvi,  124,  for  large  bibliography. 
2  Rous,  P.,  and  Turner,  J.  R.,  /.  Am.  Med.  Assn.,  1915,  Ixiv,  1980. 
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Experiment  2. — Fourteen  rabbits  were  used  in  two  groups  arranged  on  the  same 
basis  as  in  Experiment  1,  but  with  only  six  individuals  in  the  control  group. 
The  other  eight  animals  were  bled  as  already  described  during  a  period  of  26 
days.  Interagglutination  tests  w-ere  carried  out  between  the  control  animals  and 
between  these  and  the  bled  animals,  but  not  betw'een  the  individuals  of  this  latter 
sort.  Citrated  bloods  were  used  in  the  tests,  which  were  repeated  at  intervals  of 
a  week  or  more.  Tests  with  sera  and  washed  cells  were  also  made  when  this 
seemed  advisable.  In  whole  citrated  bloods  autoagglutination  is  easily  seen. 
None  was  discoverable  prior  to  the  bleedings. 

No  Induced  Isoagglutinins. 

A  number  of  the  rabbits  possessed  isoagglutinins  to  start  with. 
Some  were  bled,  and  some  kept  as  controls.  The  bleedings  had  no 
demonstrable  effect  to  alter  the  isoantibodies  or  to  cause  an  appear- 
ance of  new  ones.  It  is  true  that  weak  isoagglutinins  sometimes  de- 
veloped in  individuals  possessing  none  to  begin  with,  but  they  were 
found  to  practically  an  equal  degree  in  the  controls  and  were  probably 
in  the  nature  of  intercurrent  serum  changes  such  as  Ottenberg  and 
Thalhimer'  have  reported. 

Clumping  in  the  Shed  Blood. 

In  five  out  of  fourteen  of  the  bled  rabbits  there  developed  a  tend- 
ency of  the  red  cells  to  clump  together  into  masses  in  the  shed  blood. 
The  clumping  was  never  general,  bringing  together  all  the  cells,  as 
in  the  case  of  rabbits  repeatedly  transfused,''  but  the  cell  masses  lay 
scattered  here  and  there  amid  free  cells.  The  phenomenon  was  not 
found  in  any  of  the  twelve  controls,  nor  has  it  since  been  observed  in 
a  large  series  of  other  normals.  In  instances  of  anemia,  on  the  other 
hand,  resulting  from  malnutrition,  it  has  sometimes  been  met  with. 

The  clumping  phenomenon  was  definitely  associated  with  the 
anemia  following  in  some  instances  on  the  bleedings.  Many  medium 
sized  rabbits  withstand  excellently  the  loss  of  10  cc.  of  blood  every 
3  to  5  days  during  a  long  period.  Their  hemoglobin  percentage  and 
the  appearance  of  the  corpuscles  remain  practically  unaffected.  The 
clumping  was  never  noted  in  these  animals.    In  other  rabbits  the 

^  Ottenberg,  R.,  and  Thalhimcr,  W.,  /.  Med.  Research,  1915-16,  xxxiii,  213. 
^  Rous,  P.,  and  Robertson,  0.  H.,  /.  Exp.  Med.,  1918,  xxvii,  509. 
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bleedings  rapidly  brought  about  a  moderate  anemia  with  pale  cor- 
puscles, microcytes,  and  poikilocytes  in  circulation.  In  such  instances 
the  clumping  occurred,  though  it  was  by  no  means  a  regular  accom- 
paniment of  the  condition.  The  number  of  bleedings  and  total  loss 
of  blood  prior  to  appearance  of  the  clumping  were  sometimes  sur- 
prisingly small.  Clumping  was  well  marked  in  a  1,500  gm.  rabbit 
3  days  after  the  last  of  two  bleedings  of  10  cc.  each  with  an  interval 
of  3  days  between.  In  another  animal  of  1,350  gm.,  also  bled  twice, 
but  at  an  interval  of  7  days,  the  phenomenon  was  visible  3  days  after 
the  last  bleeding.  In  both  cases  the  blood  loss  was  very  poorly 
borne. 

The  clumping  was  plainly  apparent  in  whole  citrated  bloods^  allowed 
to  stand  for  15  minutes  or  more  at  room  temperature  and  examined 
microscopically  after  dilution  with  salt  solution.  When  at  all  marked 
it  could  be  seen  in  thick  slide  preparations  of  the  blood,  as  such, 
providing  the  cells  were  not  numerous  enough  to  interfere  with  the 
observations  (Fig.  1).  Under  these  circumstances  it  appeared 
within  about  a  minute  after  the  blood  was  shed  and  before  any 
clotting  had  occurred.  Each  clump  consisted  of  from  3  or  4  to  40 
or  50  corpuscles  massed  helter-skelter. 

Cause  of  the  Clumping. 

The  question  whether  the  phenomenon  had  its  cause  in  a  change  in 
the  cells,  or  plasma,  or  in  both,  was  largely  answered  by  the  routine 
tests  of  Experiments  1  and  2.  These  demonstrated  that  the  cells  of 
the  bled  rabbits  had  undergone  no  alteration  as  regards  agglutinability 
or  inagglutinability  by  normal  sera  of  known  behavior.  Furthermore, 
the  clumping,  hke  that  due  to  the  autoagglutinin  present  in  normal 
plasma^  and  the  principle  present  in  the  plasma  of  transfused  rab- 
bits,* did  not  occur  at  body  heat.  The  cells  remained  free  in  citrated 
blood  at  38°C.,  and  the  massing  together  which  was  visible  at  room 
temperature  disappeared  when  the  specimen  was  warmed.  Corpus- 
cles separated  from  the  citrated  plasma  while  warm,  then  washed  in 
warm  salt  solution  and  brought  together  in  it  at  room  temperature, 

*  10  parts  of  blood  to  1  part  of  a  watery  10  per  cent  solution  of  sodium  citrate. 
^  Landsteiner,  K.,  Miinch.  med.  Woch.,  1903,  i,  1812. 


566  AUTOHEMAGGLUTIXATION 

failed  entirely  to  clump.  But  when  a  little  of  the  thick  cell  suspension 
was  dropped  into  the  original  citrated  plasma,  the  cells  massed  to- 
gether at  once.  All  these  facts  showed  that  the  clumping  was  due 
to  an  element  in  the  serum  and  that  this  element  has  much  in  common 
with  the  normal  and  induced  autoagglutinins. 

Dislinguishing  Traits  of  the  Agglutinin. 

The  agglutinin  of  the  bled  rabbits  was  able  to  cause  clumping  in 
the  whole  blood  as  such,  or  in  the  whole  citrated  blood,  at  room  tem- 
perature (22°C.),  whereas  the  normal  agglutinin  is  effective  at  22° 
only  when  a  large  amount  of  serum  is  allowed  to  act  on  a  few  cells.' 
The  agglutinating  principle  of  the  bled  rabbits,  obtained  in  the  free 
state,  as  in  serum  separated  from  the  cells  by  defibrination  and  centri- 
fugation  at  38°C.,  was  so  strong  in  all  cases  as  to  bring  about  clumping 
at  22°C.  in  mLxtures  of  the  serum  with  an  equal  part  of  a  5  per  cent 
suspension  of  the  animal's  own  washed  cells,  and  in  some  instances 
when  there  was  a  further  dilution  with  one  part  of  salt  solution. 
The  seriun  of  five  normal  rabbits  similarly  separated  and  tested 
yielded  not  the  least  trace  of  agglutination.  These  results  with  a 
constant  amount  of  antigen  (the  5  per  cent  cell  suspension)  rule  out 
the  possibility  that  climiping  in  the  anemic  rabbits  was  due  merely 
to  the  action  of  the  normal  autoagglutinin  on  an  antigen  (the  red 
corpuscles)  diminished  in  quantity  by  the  bleedings. 

Attempts  to  obtain  the  agglutinating  factor  in  salt  solution  led  to  a 
singular  finding.  Normal  autoagglutinins  become  much  more  effective 
as  cooling  proceeds  from  room  temperature  to  0°C.  and  are  best 
demonstrated  in  the  cold.  The  agglutinin  of  the  bled  rabbits,  on  the 
other  hand,  while  effective  at  room  temperature,  may  be  relatively 
little  enhanced  in  activity  by  further  cooHng,  and  at  0°C.  may  be 
surpassed  in  its  action  by  the  normal  antibody. 

Experiment  3. — A  few  cubic  centimeters  of  blood  were  obtained  from  each  of 
two  normal  rabbits  and  two  which  had  been  repeatedly  bled  and  were  the  pos- 
sessors of  an  agglutinin  which  caused  clumping  at  room  temperature.  The  sera 
were  separated  from  the  cells  by  defibrination  in  the  warm,  and  cenlrifugation  in 
a  water  jacket  at  38°C.  Those  of  the  bled  animals  caused  clumping  at  room 
temperature  when  mi.xed  with  an  equal  volume  of  a  5  per  cent  suspension  of  the 
corresponding  cells  twice  washed  in  the  warm.    In  similar  mixtures  of  normal 
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sera  no  clumping  occurred.  Now  1.2  cc.  of  each  serum  was  mLxed  with  0.1  cc. 
of  a  50  per  cent  suspension  of  the  corresponding  cells,  and  the  tubes  were  plunged 
in  melting  ice.     The  results  are  given  in  Table  I. 

It  will  be  observed  that  the  agglutinin  of  the  normal  rabbit  No.  2, 
while  practically  ineffective  at  room  temperature  (22°C.),  caused  a 
more  complete  clumping  at  0°C.  than  did  the  agglutinins  of  the  bled 
rabbits,  which  were  so  active  at  22°C.  A  second  experiment  along 
these  lines  gave  similar  results.  The  data  do  not  enable  one  to  say 
whether  two  distinct  sets  of  antibodies  are  here  concerned,  but  they 


Room  temperature  (22°C.). 

Microscopic  observations  alter 

15  min. 

0*C.  Macroscopic  observations. 

Rabbit. 

Whole 
blood. 

3  parts 
serum+ 
1  part 
5  per 
cent  red 
cells. 

1  part 
serum+ 
1  part 
5  per 
cent 
red 
cells. 

1  part 

serum+ 

1  part 

salt  so- 

lution+ 

1  part 

5  per 

cent 

red 

cells. 

1.2  cc.  serum  +  0.1  cc.  50  per  cent  red  cells. 

Alter 

.After  66  min. 

Normal. 
1 

2 

0 
0 

0 
Tr. 

0 
0 

+  , 
+  +  +  + 

Sedimentation  incomplete;  sedi- 
ment finely  granular. 

Complete  sedimentation  into  a  sin- 
gle, solid  mass. 

Bled. 
3 

4 

+  - 
+ 

+ 

Tr. 

+ 

Tr. 

+  +  + 
+  +  +  + 

Sedimented  completely  into  fairly 

large  masses. 
Complete  sedimentation  into  a  few 

large  masses. 

show  clearly  that  the  effects  of  an  autohemagglutinin  at  one  tempera- 
ture cannot  safely  be  taken  as  the  indicator  of  the  effects  at  another. 
The  study  of  such  antibodies  assumes  in  consequence  great  complexity. 

Agglutination  and  Rouleau  Formation  Are  Not  Connected. 

The  observations  of  several  authors  have  led  them  to  conclude 
that  rouleau  formation  is  intunately  connected  in  its  cause  with  ag- 
glutination. Our  findings  in  transfused  rabbits^  would  seem  also  to 
point  to  this,  since  the  appearance  of  new  agglutinins  in  the  blood  is 
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always  preceded  by  exaggerated  rouleau  formation.  But  the  present 
results  with  rabbits  repeatedly  bled  prove  that  the  association  is  not 
obligatory.  Here  a  partial  or  complete  loss  of  the  tendency  to  rou- 
leau formation  was  regularly  noted  to  accompany  the  development 
of  the  autoagglutinin  (Fig.  1). 

SUMMARY. 

The  repeated  withdrawal  of  moderate  quantities  of  blood  does  not 
lead  to  a  development  of  new  isoagglutinins  in  rabbits,  or  to  note- 
worthy changes  in  normal  ones  already  present.  On  the  other  hand, 
clumping  of  the  animals'  own  cells  in  specimens  of  the  whole  blood  is 
a  frequent  result.  It  is  found  in  animals  rendered  anemic  by  the 
bleedings,  not  in  those  that  rapidly  repair  their  losses  and  remain  in 
good  condition.  A  similar  clumping  is  sometimes  to  be  seen  in  the 
blood  of  rabbits  rendered  anemic  by  malnutrition. 

The  clumping  is  due  to  a  true  autoagglutinin,  which  differs  from 
the  normal  autoagglutinin  in  its  far  greater  strength,  as  also,  at  least 
in  some  instances,  by  a  peculiar  variation  in  its  activity  with  changes 
of  temperature. 

In  the  rabbits  which  developed  isoagglutinins  after  bleeding,  the 
tendency  of  the  cells  to  form  rouleaux  was  far  less  than  the  normal. 
It  follows  that  rouleau  formation  is  not  essentially  connected  with 
autoagglutination,  as  has  been  assumed  in  the  past. 

In  the  hght  of  the  present  findings  a  systematic  search  for  auto- 
hemagglutinins  in  the  blood  of  anemic  patients  would  seem  of  inter- 
est. They  have  been  noted  in  sick  human  beings  (Ascoli,  Klein), 
but  not  in  recent  years.  The  reason  for  this  may  well  be  that  present 
day  blood  examinations  are  not  of  a  sort  to  bring  about  their  discov- 
ery. Thick  films  of  fresh  blood  are  seldom  used  for  clinical  purposes, 
and  it  is  in  thick  preparations  that  clumping  is  most  readily  observed. 


EXPLANATION  OF  PLATE  22. 

Fig.  1.    Autoagglutination  in  the  blood  of  a  rabbit  rendered  anemic  by  bleed- 
ing.    Fresh  slidc-and-cover-glass  preparation. 


THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XXVII. 


PLATE  22. 


Fi>.  1. 


(Robertson  ant]  Rous:    .■\utohemagglutin;ili( 


EXPERIMENTS    OUTLINING    THE    LIMITATIONS    OF 
OPERATIONS  ON   THE  ABDOMIN.\L  AORTA. 

By  CHARLES  GOODMAN,  M.D. 

{From  the  Surgical  Laboratories  of  the  Department  oj  Surgery,  College  of  Physiciam 
and  Surgeons,  Columbia  University,  New  York.) 

Plates  23  and  24. 

(Received  for  publication,  January  28,  1918.) 

From  the  results  of  the  five  experiments  presented  in  this  report, 
there  seems  to  be  no  difficulty  in  correcting  injuries  of  the  abdom- 
inal aorta  in  dogs,  with  subsequent  perfect  restoration  of  the  con- 
tinuity of  the  vessel.  The  complete  occlusion  of  the  aorta  for  a 
period  of  30  minutes  is  not  necessarily  followed  by  serious  con- 
sequences.^  For  lateral  defects  in  the  aorta,  or  for  injuries  not 
involving  the  entire  circumference,  a  rectangular  clamp  may  be 
applied  for  a  prolonged  period  in  order  that  the  circulation  should 
not  be  completely  cut  off.  An  operative  field  free  from  blood  can 
thus  be  obtained  while  the  circulation  is  maintained  through  the 
remaining  lumen  of  the  aorta. 

In  the  instances  in  which  a  portion  of  the  aorta  must  be  resected, 
an  arterial  segment  taken  from  another  animal  can  be  safely  utilized 
as  a  transplant.  Smaller  vessels  can  be  adapted  to  the  caliber  of  the 
aorta  by  the  following  procedure  which  was  devised  by  Jeger  and 
Helmuth  Josefs  (Text-fig.  1).  The  artery  is  split  longitudinally  (A), 
the  ribbon  thus  formed  is  then  folded  double  (B),  and  both  edges 
are  closed  with  a  continuous  suture  of  very  fine  silk  (C).  In  this 
way,  a  tube,  double  the  original  size  of  the  vessel  is  made,  which  is 
then  transplanted  end  to  end  between  the  resected  ends  of  the  aorta 
(D). 

Further  experiments  were  undertaken  to  determine  the  practica- 
bility of  reestablishing  the  continuity  of  the  severed  aorta  by  the  cir- 

'  AH  operations  were  performed  under  complete  ether  anesthesia. 
^  Jeger,  E.,  Die  Chirurgie  der  Blutgefasse  and  des  Herzens,  Berlin,  1913. 
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cular  suture.  The  results  obtained  seem  to  indicate  that  while  the 
operation  is  possible,  the  difficulty  of  approximating  the  severed  ends 
during  the  suture  is  greatly  increased,  on  account  of  the  retraction  of 
the  aortic  tube.  The  approximation  entails  such  injury  that  the 
probability  of  thrombosis  is  much  increased.  Therefore,  when  the 
aorta  is  completely  severed,  the  introduction  of  a  transplanted  seg- 


Text-Fig.  1.  Method  for  transplanting  an  arterial  segment  to  the  aorta.  A, 
first  stage  of  the  operation,  B,  second  stage,  C,  third  stage,  and  D,  fourth  stage. 

ment  would  be  indicated  and  the  procedure  would  be  the  same  as 
when  a  portion  of  the  aorta  had  been  removed. 

Danis,'  in  an  e.xhaustive  study,  showed  that  the  ligature  of  the  abdominal  aorta 
in  human  beings  has  hitherto  always  resulted  fatally.  Braun**  has  reported  a 
successful  suture  of  the  abdominal  aorta  on  a  6J  year  old  girl  with  a  ganglio- 
neuroma about  4  pounds  in  weight. 

'  Danis,  R.,  Anastomoses  et  ligatures  vasculaires,  Brussels,  1912. 
*  Braun,  cited  by  Jeger,^  p.  236. 
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EXPERIMENTS. 

Suture  of  a  Longitudinal  Incision  in  the  Aorta. 

Dog  /.—March  29,  1916.  The  aorta  was  exposed  below  the  renal  vessels  by  a 
median  laparotomy.  An  incision  2  cm.  in  length  was  made  through  all  the  coats 
of  the  right  anterolateral  wall  of  the  aorta.  .\  rectangular  clamp  was  applied 
to  the  aorta  in  order  to  shut  off  the  blood  from  the  operative  field  without  com- 
pletely occluding  the  aortic  circulation.  The  incision  was  then  closed  with  a 
continuous  suture  of  sUk.  The  parietal  peritoneum  was  sutured  over  the  aorta, 
and  the  laparotomy  wound  was  closed  by  suture  in  layers. 

Autopsy.— Tht  dog  was  killed  June  5,  with  chloroform.  There  were  no  evi- 
dences of  infection.  The  abdominal  wound  healed  by  primary  intention.  The 
peritoneum  was  free  from  adhesions.  The  peritoneum  covering  the  aorta  was 
perfectly  smooth,  and  showed  no  signs  of  a  recent  operation. 

Gross  Examination. — A  cross-section  of  the  suture  line  shows  that  the  vessel 
is  not  surrounded  by  adventitious  tissue  except  at  the  site  of  the  suture.  At  this 
point  the  vessel  wall  is  but  slightly  thickened.  The  intima  is  relatively  smooth 
except  along  the  suture  line.  Here  there  are  sh'ght,  flat  elevations  of  coagulated 
blood.  These  coagulations  are  old;  their  surfaces  are  smooth  and  they  project 
into  the  lumen  but  slightly.  New  accretions  of  coagulated  blood  are  apparently 
taking  place  at  the  site  of  the  old  blood  coagulations  described  above. 

Microscopic  Examination. — Section  of  the  vessel  wall  shows  that  the  structure 
is  intact  and  the  wall  preserved.  The  intima  is  smooth  at  the  point  of  this  sec- 
tion and  shows  no  plaques  of  fibrin. 

Suture  of  a  Lateral  Defect  in  the  Aorta. 

Dog 2. — Small  female;  bulldog  type.  April  5,  1916.  The  aorta  was  exposed 
through  a  median  laparotomy  wound.  An  eUiptical  segment  of  the  aorta  was 
excised,  and  the  resulting  defect  was  closed  by  a  continuous  longitudinal  suture. 
Although  the  lumen  of  the  aorta  was  diminished  about  one-third  of  its  diameter, 
the  general  health  of  the  animal  did  not  seem  to  be  impaired. 

Autopsy. — The  dog  was  killed  with  chloroform  April  12.  The  specimen  showed 
no  evidence  of  thrombosis. 

Gross  Examination. — At  the  point  of  suture  the  vessel  is  surrounded  by  adven- 
titious tissue  about  4  cm.  thick.  The  lumen  which  is  present  is  but  slightly  if 
at  aO  diminished  in  size.  The  intima  is  relatively  smooth  except  just  at  the 
suture  line  where  it  is  finely  roughened  by  what  appear  to  be  minute  plaques  of 
fibrin. 

Microscopic  Examination. — The  section  immediately  adjacent  to  the  site  of 
suture  shows  a  considerable  infiltration  of  the  adventitious  tissue  by  round  cells. 
The  structure  of  the  vessel  wall  is  well  preserved.  At  points  there  is  the  sugges- 
tion of  fibrin  formation  on  the  intima.     In  the  lumen  of  a  large  sized  branch  of 
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the  aorta  at  this  point  is  an  extensive  thrombus.    In  the  many  small  vessels  in 
the  tissue  immediately  adjacent,  the  blood  circulation  has  apparently  been  free. 

11  omotrans plantation  of  Carotid  Tube  to  Severed  Aorta. 

Dog  3,  Donor. — April  18,  1916.  Both  carotids  were  removed.  The  carotids 
were  slit  longitudinally,  and  the  free  lateral  borders  sutured  together  so  as  to 
form  an  arterial  tube  twice  the  caliber  of  a  single  carotid.  The  dog  was  killed 
under  ether  at  the  operation. 

Dog  4,  Host. — Small  female  fox-terrier.  A  segment  of  carotid  tube  3  cm.  long 
was  transplanted  by  a  biterminal  suture  between  the  severed  ends  of  the  abdom- 
inal aorta.  The  transplantation  was  made  somewhat  difficult  by  inability  to 
control  completely  the  hemorrhage  from  the  aorta  during  the  suture.  The 
immediate  circulation,  when  the  operation  was  completed,  was  satisfactory. 
April  20.     Animal  died. 

.Aiilopsy. — No  evidences  of  leakage.  Lumen  patent.  Sutures  plainly  visible. 
The  specimen  showed  evidences  of  lateral  thrombosis. 

Gross  Examination. — The  vessel  wall  is  intact  but  slightly  thinner  than  the 
normal  vessel  adjacent.  The  longitudinal  suture  lines  which  have  reconstructed 
the  segments  of  the  carotid  into  the  single  tube  for  transplant  are  plainly  visible, 
though  apparently  covered  by  tissue.  The  intimal  surface  of  the  transplant  is  but 
slightly  roughened  by  plaques  of  fibrin.  The  transverse  suture  lines  are  slightly 
roughened  by  minute  coagula. 

Microscopic  E.xamination. — Section  across  the  transverse  suture  hne  shows  that 
the  intimal  surface  is  covered  here  and  there  by  a  thin  layer  of  coagulated  blood. 
The  transplanted  segment  is  somewhat  degenerated  and  infiltrated  by  round 
cells.  Section  through  the  center  of  the  transplanted  segment  shows  a  thin 
layer  of  coagulated  blood  on  the  intima,  and  the  vessel  wall  has  partially  degen- 
erated though  it  is  physically  intact  (Fig.  1). 

Homotrans plantation  of  a  Segment  of  Aorta  to  the  Aorta. 

Dog  5. — Medium  sized  male  mongrel.  May  17,  1916.  The  aorta  was  exposed 
by  a  median  laparotomy'  and  liberated  for  a  distance  of  about  5  cm.  Two  elastic 
clamps  were  then  applied  and  the  aorta  was  severed.  A  segment  about  3  cm. 
long  had  been  removed  about  an  hour  before  from  a  small  mongrel  dog  that  had 
been  killed  by  chloroform.  This  segment  was  now  interposed  between  the  sev- 
ered ends  of  the  aorta  and  united  by  a  biterminal  suture.  After  the  circular 
suture  was  completed,  there  was  no  leakage. 

Autopsy.— The.  dog  was  killed  with  chloroform  June  5 .  With  the  exception  of 
the  adhesion  of  the  omentum  to  one  point  in  the  line  of  suture  there  were  no 
traces  of  peritoneal  irritation.  The  peritoneum  covering  the  aorta  was  absolutely 
smooth.  There  was  some  thickening  about  the  transplanted  segment.  No 
thrombosis. 
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Gross  Examination. — The  aorta  is  surrounded  by  a  mass  of  adventitious  tissue 
measuring  about  1  cm.  in  thickness.  At  the  site  of  the  suture  a  distinct  wall  of 
the  vessel  is  apparent,  difTerentiated  from  the  surrounding  tissue.  The  lumen 
which  is  present  is  somewhat  diminished  in  size  at  the  site  of  repair.  There  are 
no  blood  coagulations  in  the  lumen.     The  intima  appears  relatively  smooth. 

Microscopic  Examination. — There  is  extensive  round  cell  infiltration  of  the 
adventitia  in  and  about  the  sutures.  External  to  the  vessel  wall  are  areas  of 
hemorrhage — the  result  of  operation.  The  vessel  wall  at  this  point  is  intact  and 
whatever  intima  is  shown  in  the  section  is  free  from  blood  coagulations. 

Transplantation  of  Fascia  to  a  Lateral  Defect  in  the  Aorta. 

Dog  6. — Medium  sized  fox-terrier.  May  24,  1916.  By  a  median  laparotomy 
the  aorta  was  exposed  and  liberated  for  a  distance  of  about  5  cih.  A  rectan- 
gular clamp  was  applied,  and  a  section  |  cm.  square  was  removed  from  the 
anterior  wall.  This  defect  was  covered  by  transplanting  a  piece  of  aponeurosis 
taken  from  the  abdominal  wall. 

Autopsy. — The  dog  was  killed  on  June  9  with  chloroform.  The  peritoneal 
cavity  was  free  from  adhesions  except  for  a  fibrous  deposit  about  the  parietal 
peritoneum  corresponding  to  the  field  of  operation.  There  were  no  evidences  of 
leakage  from  the  aorta,  and  there  was  no  obstruction  or  thrombosis.  The  area 
of  intimal  surface  corresponding  to  the  transplant  was  perfectly  smooth. 

Gross  Examination. — The  specimen  consists  of  a  segment  of  aorta  surrounded 
at  the  site  of  fascial  transplant  by  a  mass  of  adventitious  tissue.  Cross-section 
shows  .that  the  arterial  wall  at  the  transplant  is  deficient  and  is  replaced  by  scar 
tissue.  The  intimal  surface  over  the  site  of  the  transplant  is  covered  with  a  thin 
layer  of  fibrin.  This  surface  is  relatively  smooth.  The  vessel  lumen  is  in  no  way 
diminished  at  this  point.  Adjacent  to  the  patch  projecting  into  the  lumen  is  a 
rounded  mass  of  coagulum  about  1  mm.  long,  apparently  a  suture  end  free  in  the 
blood  stream  covered  by  this  blood  clot. 

Microscopic  Examination. — Between  the  ends  of  the  sutured  artery  there  is  a 
mass  of  loosely  built  connective  tissue.  The  surface  is  smooth  where  this  granu- 
lation tissue  is  exposed  to  the  blood  stream.  An  intact  cellular  layer  of  adapted 
connective  tissue  ceOs  forms  this  smooth  surface.  There  is  a  small  island  of 
fibrin  attached  at  one  point.  In  the  depths  of  the  artery  wall  are  sections  of 
several  sutures.  Around  the  sutures  are  cellular  aggregations  among  which 
are  many  polymorphonuclear  leukocytes.  At  one  point  in  the  tissue,  held  in 
the  Interval  between  the  artery  ends,  there 'is  a  deposit  of  Ume  salts  suggesting 
the  early  stages  of  ossification.  This  sutured  vessel  demonstrates  a  favorable 
repair  with  a  satisfactory  reestablishment  of  the  blood  circulation  (Fig.  2). 

CONCLUSIONS. 

1.  Injuries  of  the  abdominal  aorta  in  dogs  may  be  corrected  with 
subsequent  perfect  restoration  of  the  continuity  of  the  vessel. 
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2.  The  complete  occlusion  of  the  aorta  for  a  period  of  30  minutes 
is  not  necessarily  followed  by  serious  consequences. 

3.  In  cases  in  which  a  portion  of  the  aorta  must  be  resected,  an 
arterial  segment  taken  from  another  animal  can  be  safely  utilized  as 
a  transplant. 

4.  While  the  reestablishment  of  the  continuity  of  the  severed  aorta 
by  the  circular  suture  is  possible,  the  approximation  of  the  severed 
ends  during  the  suture  entails  such  injury  that  thrombosis  frequently 
occurs.  Therefore,  when  the  aorta  is  completely  severed,  the  intro- 
duction of  a  transplanted  segment  is  indicated. 

5.  An  arterial  tube  of  increased  caliber  made  of  smaller  vessels 
such  as  the  carotid  lends  itself  readily  as  a  transplant  to  the  severed 
aorta,  with  a  reasonable  assurance  of  reestablishing  the  continuity  of 
this  vessel. 

6.  Defects  in  the  aorta  can  be  readily  corrected  by  the  use  of 
fascial  transplants  with  a  minimum  danger  of  thrombosis. 

EXPLANATION  OF  PLATES. 
Plate  23. 

Fici.  1.  Sutured  vessel  wall.  .4,  suture  line  of  vessel  wall.  Eversion  of  the 
coats  of  the  vessel  wall  in  order  to  bring  the  intima  in  contact  with  the  intima  at 
the  suture  line.  There  is  a  parietal  coagulation  of  blood,  B,  into  which  reparative 
tissue  grows  in  the  final  establishment  of  repair.  Compare  with  Fig.  2,  in  which 
growth  of  tissue  is  complete,  reestablishing  the  intimal  lining  of  the  vessel. 

Pl.-vte  24. 

Fig.  2.  Sutured  vessel  wall.  The  everted  vessel  wall,  .4 ,  joins  the  tissue  trans- 
plant, B.  The  interval  between  the  vessel  wall  and  tissue  transplant  is  covered  by 
a  mass  of  reparative  tissue,  C,  which  has  grown  into  a  blood  coagulum,  usually 
found  present  in  early  specimens  after  vascular  suture.     Compare  with  Fig.  1. 
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MORPHOLOGICAL  CHARACTERISTICS  AND  NOMENCLA- 
TURE OF  LEPTOSPIRA   (SPIROCH.ETA)  ICTERO- 
H^MORRHAGI^   (IN ADA  AND  IDO). 

By  HIDEYO  NOGUCHI,  M.D. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

Plates  25  to  20. 

(Received  for  publication,  February  27,  1918.) 

In  a  previous  communication,  the  writer  reported  the  presence  in  American 
wild  rats  of  a  spirochete  morphologically  and  immunologically  identical  with  the 
Spirochceta  iclerohcBmorrhagicB  of  Inada  and  his  associates  and  also  with  the  strain 
isolated  by  Stokes  from  cases  of  infectious  jaundice  among  British  soldiers  in 
Flanders.'  The  European  strains,  which  have  now  been  isolated  from  cases  on 
the  British,  French,  and  Itahan  fronts,  as  well  as  from  wild  rodents  captured 
not  only  near  the  battle-lines  but  in  regions  remote  from  them,  are  undoubtedly 
strains  of  the  same  organism.-  Jobling  and  Eggstein'  have  also  found  the  same 
spirochete  recently  among  wild  rats  caught  in  Tennessee. 

Just  how,  in  nature,  a  rat  becomes  a  carrier  of  the  spirochete  is  not 
at  once  apparent.  It  is  not  improbable  that  the  contamination  of  a 
foodstuff  by  the  urine  of  an  infected  rat  may  transmit  the  organism  to 
other  rats;  or  the  animal  may  become  infected  by  feeding  upon  an 
infected  dead  rat,  since  a  rat  may  be  experimentally  infected  by 
feeding  it  with  an  infected  foodstuff  or  with  an  infected  tissue  or 

'  Noguchi,  H.,  /.  Exp.  Med.,  1917,  xxv,  755. 

^  Costa,  S.,  and  Troisier,  J.,  Presse  med.,  1916,  l.xx.x,  526,  565.  Courmont,  J., 
and  Durand,  P.,  Bull,  et  mem.  Soc.  med.  hop.,  1917,  xU,  series  3,  US.  Clement,  P., 
and  Fiessinger,  N.,  Presse  med.,  1916,  Ixxx,  598.  Gamier,  M.,  Compt.  rend.  Soc. 
bioL,  1916,  Ixxix,  928.  Manine,  Cristau,  and  Plazy,  Compt.  rend.  Soc.  bioL,  1917, 
Ixxx,  531.  WUmaers,  L.,  and  Renaux,  E.,  Arch.  mid.  Beiges,  1917,  Ixx,  115,  207. 
Dawson,  B.,  and  Hume,  W.  E.,  Quart.  J.  Med.,  1916-17,  x,  90.  Zironi,  A.,  and 
Capone,  G.,  Sperimentale,  1917,  Ixxi,  298.  AscoH,  M.,  and  Perrier,  S.,  Gazz. 
asp.,  1916,  xxxvii,  1618.  Sisto,  P.,  Sperimentale,  1917,  Lxxi,  361.  Siccardi,  P.  D., 
and  Bompiani,  G.,  Ann.  ig.,  1917,  .x.xvii,  609.  Moreschi,  C,  Policlinico,  See. 
Prat.,  1917,  xxiv,  265.    Sampietro,  G.,  Ann.  ig.,  1917,  xxvii,  23. 

3  Jobhng,  J.  W.,  and  Eggstein,  A.  A.,  J.  .im.  Med.  Assn.,  1917,  Ixix,  1787. 
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organ.     Whatever  the  mode  of  preservation  in   nature,  Spirochccta 
icterohatnorrhagia  is  a  common  commensal  among  rodents. 

Morphology. 

The  morphology  of  this  organism  has  been  the  subject  of  much  study  by  its 
discoverers  and  by  others,  but  its  distinctive  feature  does  not  seem  to  have  been 
recognized.  Inada  and  his  associates  described  the  organism  as  a  spirochete 
with  several  irregular  waves,  the  entire  body  being  dotted  with  alternate  bright 
and  shadowy  portions.^  Hiibener  and  Reiter,  who  described  a  similar  picture, 
apparently  believed  that  the  organism  had  a  series  of  minute  knots,  and  hence 
gave  it  the  name  Spiroclueia  nodosal 

That  these  investigators  overlooked  the  true  structure  must  have 
been  due  either  to  the  difficulty  of  observing  the  organism,  even  under 
a  powerful  dark-field  illumination,  or  to  the  indistinctness  of  the 
minute  spirals  in  a  stained  preparation.  It  appears  as  an  almost 
smooth  bodied,  wavy  organism,  not  unlike  Spironema  refringens 
when  fixed  in  methyl  alcohol  and  stained  with  Giemsa's  solution  (Figs. 
1,  2,  and  3).  As  has  been  said  in  a  previous  paper, ^  the  natural 
features  of  the  organism  can  be  well  preserved  when  it  is  fixed  in 
osmic  vapor  and  then  stained  over  night  with  Giemsa's  solution. 
In  such  a  preparation  it  is  stained  light  purple  and  is  seen  to  consist 
of  a  very  tightly  and  regularly  wound  cylindrical  filament  tapering 
to  sharply  pointed  extremities.  The  filament  usually  assumes  a 
graceful  hook  at  one  or  both  ends,  while  the  main  portion  may  be 
straight  or  slightly  bent  (Figs.  4  and  5).  The  number  of  spirals  (not 
waves)  varies  considerably  according  to  the  length  of  the  speci- 
men, which  may  be  between  3  to  20,  30,  or  even  40 /i,  but  the  distance 
between  the  apices  of  two  spirals  measures  about  0.5  ix.  For  exam- 
ple, a  specimen  measuring  9  fx  would  have  eighteen  spirals.  The 
thickness,  or  diameter  of  a  cross-section,  of  the  organism  is  nearly 
uniform  until  it  approaches  the  terminal  portion,  which  may  be  so 
conveniently  designated  because  of  its  tapering  points  and  its  hooked 
attitude.     The  number  of  spirals  in  the  terminal  portion  appears  to 

*  Inada,  R.,  Ido,  Y.,  Hoki,  R.,  Kaneko,  R.,  and  Ito,  H.,  J.  Exp.  Med.,  1916, 
xxiii,  377. 

*  Hiibener  and  Reiter,  Deulsch.  med.  Wocli.,  1916,  xlii,  1. 
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be  about  six  in  all  specimens,  and  it  is  this  portion  which  exhibits  the 
greatest  tendency  to  become  bent  to  a  semicircle.  Unlike  various 
spironemata  or  treponemata,  the  spiral  amplitude  near  the  extremi- 
ties is  not  noticeably  less  than  that  of  the  middle  portion  of  the 
organism. 

In  certain  specimens  the  terminal  portions  are  far  less  intensely 
stained  than  the  main  portion  (Figs.  1,2,  and  3).  In  the  majority 
of  specimens,  both  terminal  portions  are  bent  to  the  same  side  (Figs. 
5, 6, 13, 16,  17,  19,  and  22),  but  in  some  they  form  hooks  of  opposite 
direction  (Fig.  4),  unipolar  hooks  (Figs.  8,  9,  15,  and  20),  or  are  not 
bent  at  all  (Figs.  11  and  12);  and  some  are  contorted  (Fig.  18).  In 
the  less  well  preserved  specimens  the  spirals  are  no  longer  distinct  but 
appear  as  somewhat  more  deeply  stained  dots  (Fig.  21).  As  has  already 
been  pointed  out,  under  a  powerful  dark-field  illumination  the  organ- 
ism in  rapid  rotary  motion  seems  to  be  surrounded  by  a  halo.  This 
may  be  only  an  optical  effect,  but  a  similar  clear  zone  has  been 
noticed  in  the  stained  preparations  of  some  specimens  (Figs.  12,15, 17, 
and  23). 

The  dark-field  picture  of  the  organism  is  such  that  one  may  mistake 
the  minute  spirals  for  refractive  beads  arranged  diagonally  or  some- 
what obliquely  with  respect  to  the  axis  of  the  organism  (Figs.  24  and 
27  to  33),  as  originally  depicted  by  Inada  and  his  associates  and 
others.  But,  as  has  been  stated  before,  with  a  favorable  and  power- 
ful illumination,  the  real  structure  can  be  revealed  (Figs.  24,  25,  and 
34). 

Only  a  few  of  the  photomicrographs  represent  the  characteristi- 
cally hooked  forms  (Figs.  26  and  28)  as  actually  seen  in  active  rapid 
rotary  motion  in  a  free  space,  because  it  was  difficult  to  photograph 
the  organisms  in  motion,  and  as  soon  as  motion  ceases  many  of  them 
lose  the  typical  hooks.  The  large  wavy  undulations,  however,  (not 
the  elementary  spirals),  as  assumed  by  the  organisms  when  penetrat- 
ing semifluid  medium,  are  well  shown  in  some  of  the  specimens  at 
rest  (Figs.  27  and  29  to  33).  The  remarkable  flexibility  of  the  organ- 
ism in  a  semisolid  medium  is  also  shown  (Figs.  27,  32,  and  33). 
These  minute  filamental  organisms  dart  through  the  soft  medium  with 
great  rapidity,  first  in  one  direction  and  then  in  another,  searching 
for  a  loose  spot  which  they  can  pierce  through.    When  encountering 
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an  impenetrable  obstacle  they  reverse  their  progression  and  start  anew. 
A  striking  sight  is  thus  presented  by  these  little  vermicular  organisms 
darting  in  all  directions.  A  vibratory  motion  of  the  free  portion  of 
the  organism  results  when  it  is  extricating  itself  from  an  entangle- 
ment. In  an  emulsion  of  infected  liver  one  may  encounter  a  tangle  of 
several  actively  motile  organisms  (Figs.  U  and  25),  while  in  a  culture 
several  weeks  old  a  mass  of  hundreds  of  motile  spirochetes  may  be 
found  (Fig.  35). 

The  European  (Figs.  36  to  57)  and  Japanese  (Figs.  58  to  68)  strains 
have  all  the  morphological  features  given  for  the  American  strain.  It 
might  be  mentioned  here  that  the  elementary  spirals  in  the  termi- 
nal portion  are  much  smaller  in  number  and  less  regular  in  the  stained 
specimens  of  the  European  strain,  but  this  may  be  due  to  imper- 
fect fixation  of  the  organism,  because  under  the  dark-field  microscope 
the  spirals  are  equally  close  and  regular. 

Classification. 

Characteristics   of  Different  Genera   of  Spiral    Organisms. 

In  order  to  determine  the  systematic  position  of  the  organism  of  in- 
fectious jaundice,  it  may  be  well  to  review  here  the  characteristics  of 
various  genera  of  spiral  organisms.  Through  the  recent  investiga- 
tions of  Gross,^  Zuelzer,^  Dobell,*  Gonder,'  Swellengrebel,'"  and 
others,  the  organism  for  which  Ehrenberg  created  the  term  Spirochceta. 
in  1838  is  now  known  to  be  distinct  from  the  majority  of  so  called 
spirochetes.  It  consists  of  a  long,  highly  flexible,  central  axial  fila- 
ment surrounded  by  a  regularlj'  wound  layer  of  protoplasm,  usually 
of  great  length  (200  to  500  yu),  and  is  free  living  in  fresh  or  marine 
water  (Fig.  108).  Neither  a  membrane  nor  a  flagellum  is  present. 
Multiplication    takes   place   by    transverse    fission.     The    organism 

^  Gross,  J.,  Cenlr.  Bakleriol.,  Ite  Abt.,  Orig.,  1912,  Ixv,  83. 

'  Zuelzer,  M.,  Arch.  Proiistenk.,  1912,  xxiv,  1. 

'  Dobell,  C,  Proc.  Roy.  Soc.  London,  Series  B,  1912,  Lxxxv,  186. 

'  Gonder,  R.,  Spironemacea(Spirochaeten),  in  von  Prowazek,  S.,  Handbuch  der 
pathogenen  Protozoen,  Leipsic,  Liefg.  6,  1914,  671. 

'"  Swellengrebel,  N.  H.,  Ann.  Inst.  Pasteur,  1907,  xxi,  448;  Compl.  rend.  Sot. 
bioL,  1907,  bui,  213. 
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creeps  along  the  surface  of  an  object  but  does  not  swim.  Only  four 
species  belonging  to  this  genus  have  been  described.  The  organism 
under  discussion  does  not  belong  to  it. 

Crist  is  pira  and  Saprospira. — For  a  limited  variety  of  coarse,  ac- 
tively motile  spiral  organisms  infesting  the  crystalline  styles  of  cer- 
tain mollusca,  the  genus  Cristispira  was  proposed  by  Gross  in  1910." 
The  characteristic  features  are :  the  presence  of  a  membranous  struc- 
ture running  spirally  from  one  end  of  the  body  to  the  other,  assuming 
the  aspect  of  a  crista  or  ridge;  the  chambered  structure  of  the  body; 
the  absence  of  a  terminal  filament;  and  the  existence  of  a  strong, 
flexible  membrane  (Figs.  104  to  106J .  According  to  Gross,  reproduction 
may  be  effected  by  multiple  transverse  fission  or  sporulation,  though  I 
have  failed  to  confirm  the  occurrence  of  sporulation.  More  than  a 
dozen  species  have  been  described,  but  from  personal  observations  I 
doubt  whether  these  so  called  species  are  sufficiently  characteristic 
to  be  so  distinguished.  The  type  organism  was  first  described  by 
Certes  in  1882^-  as  found  in  oysters,  and  was  known  as  Spirochceta  or 
Trypanosoma  balbianii.  Another  genus,  Saprospira,  was  proposed  by 
Gross  in  1912''  for  a  few  varieties  of  spiral  organisms  in  mussels  which 
differed  from  the  cristispiras  in  not  having  a  crista  (Fig.  107).  The 
organism  in  question,  however,  belongs  to  neither  of  these  genera. 

Spironema  and  Treponema. — Next  in  order  is  the  large  group  of  small 
parasitic  spiral  organisms  commonly  called  spirochetes.  Among  them 
are  the  causative  agents  of  sj'philis  and  yaws  (Figs.  69  to  72  and  103) 
and  of  relapsing  fevers  in  man  and  animals  (Figs. 94  to  100),  non-path- 
ogenic parasites  in  certain  rodents,  and  various  saprophytic  types  on 
or  about  the  oral,  alimentary,  or  genital  mucous  membranes  (Figs.  73 
to  93).  Their  essential  feature  is  a  spiral  flexible  body  with  terminal 
filaments,  but  no  undulating  membrane.  They  seem  to  multiply  by 
transverse  as  well  as  longitudinal  fission.  The  rigidity  of  the  curves 
differs  greatly  in  different  organisms,  some  becoming  almost  flat  at 
death  or  constantly  changing  the  waves  by  oscillatory  undulation, 
others  retaining  their  regular  curves  even  during  motion  or  after  death. 
The  whole  group  has  been  called  Spirochatce  or  Spirilla,  in  spite  of  the 

'1  Gross,  J.,  Milt.  soot.  Station  Neapcl,  1910-13,  xx,  41. 

■2  Certes,  A.,  Bull.  Soc.  zool.  franc,  1882,  vii,  347;  1891,  xvi,  95. 

"  Gross,  J.,  Mitt.  zool.  Station  Neapcl,  1910-13,  xx,  188. 
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fact  that  they  have  no  affinity  with  the  real  spirochete  or  non-flexible 
spirillum.  Gross  includes  them  in  the  genus  Spironema,  a  term  intro- 
duced by  Vuillemin'^  in  1905  to  distinguish  Schaudinn's  organism  of 
syphilis  from  those  with  less  rigid  spirals.  Dobell,'  however,  believes 
that  the  term  Treponema,  as  proposed  by  Schaudinn'^  himself  in  1905 
for  his  organism,  should  be  employed  to  designate  all  these  minute 
parasitic  varieties.  Gonder'  takes  a  more  conservative  stand  and 
upholds  the  distinction  made  by  Schaudinn  between  the  treponema 
type  and  that  with  less  constant  curves.  For  example,  Gonder  re- 
tains the  genus  Spironema  for  the  latter  and  Treponema  for  the  former 
type.  I  agree  with  Gonder  in  this  respect,  as  the  general  features 
are  sufficiently  distinct  to  enable  one  to  differentiate  the  two  groups. 

Nomenclature  of  Leptospira  {SpirochcBla)  icterohamorrhagice. 

The  striking  differences  between  the  organism  of  infectious  jaundice 
and  all  the  other  so  called  spirochetes,  or  rather  spironemata  and 
treponemata,  are  apparent  at  a  glance.  The  closely  set,  regular 
spirals  of  the  organism  of  Inada  and  Ido  remain  unmodified  during  its 
rotary,  spinning  motions  in  a  free  space  and  when  it  is  piercing  a 
semisolid  medium.  While  in  motion  in  a  free  space,  the  whole  body 
appears  tightly  drawn  into  a  straight  line,  except  for  the  usual  hook 
formation  of  one  or  both  terminal  portions.  When  one  end  is  ex- 
tended and  straight  and  the  other  semicircularly  hooked,  the  organ- 
ism usually  progresses  in  the  direction  of  the  straight  portion  and 
seems  to  be  propelled  from  the  rear  by  the  rotating  hook  (Figs.  8,  9, 
15,  and  20).  A  specimen  with  both  ends  hooked  remains  stationary 
in  spite  of  its  rapid  rotary  motions  (Figs.  13,  16,  and  19).  By 
straightening  one  end  or  the  other  alternately,  the  organism  changes 
its  progression  from  one  direction  to  the  opposite  one.  When  the 
organism  penetrates  a  soft  medium,  changing  direction  very  rapidly, 
it  seldom  shows  hooked  ends  (Figs.  11,  12,  29,  30,  32,  and  i?>).  In 
this  sort  of  movement  the  body  assumes  wide  wavy  undulations  such 
as  are  seen  in  an  active  specimen  of  Spironema  refringens.  The 
behavior  of  the  organism  in  semisolid  medium  is  diliferent  from  that 

"  VuUlernin,  P.,  Compt.  rend.  Acad.,  1905,  cxI,  1567. 
'6  Schaudinn,  F.,  Deulsch.  med.  Wocli.,  1905,  .xliii,  1728. 
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in  a  free  space.  The  persistence  of  the  minute  elementary  spirals 
at  all  times  is  a  feature  which  distinguishes  this  organism  from  any 
treponema  or  spironema.  The  depth  of  the  spirals  does  not  exceed  the 
diameter  of  the  body,  a  fact  unknown  among  other  so  called  spirochetes. 
A  diligent  search  by  means  of  various  staining  methods,  as  well  as  by 
dark-field  illumination  applied  to  cultures  of  different  ages,  has  not 
demonstrated  a  terminal  flagellum  or  peritrichal  fiagella  or  mem- 
branes. It  is  well  to  recall  at  this  point  that  in  old  cultures  of  all  the 
spironemata  or  treponemata  I  have  isolated  I  have  been  able  to  dem- 
onstrate the  presence  of  a  terminal  filament,  even  when  it  was  observed 
with  difficulty  in  uncultivated  specimens.  This  organism,  however,  as 
far  as  we  know  at  present,  moves  by  means  of  its  terminal  portions. 
Moreover,  unlike  spironemata  and  treponemata,  it  withstands  the 
action  of  10  per  cent  saponin.  Clearly  it  does  not  belong  to  either 
of  these  genera,  but  must  remain  in  a  class  by  itself  until  other  similar 
organisms  come  to  our  observation.  The  nearest  approach  to  it  in 
morphological  and  biological  respects  is  Spirochata  biflexa,  which  was 
isolated  by  Wolbach  and  Binger'^  in  1914  from  a  filtrate  of  stagnant 
water  taken  from  the  shore  of  a  fresh  water  pond  near  Boston.  There 
is  a  great  similarity  between  the  two  organisms.  Both  are  filterable 
through  Berkefeld  filters.  Wolbach  and  Binger  did  not  succeed  in 
obtaining  a  second  generation  in  culture,  and  no  tests  of  pathogenicity 
for  experimental  animals  were  made. 

For  the  reasons  which  have  been  discussed,  it  seems  justifiable  to 
include  the  type  of  organism  in  question  under  Leptospira  (Xctttoj 
fine,  -f  cTTiipa,  coil),  as  has  already  been  proposed.'  ^ 

The  genera  with  their  type  organisms  are  presented  below.  The 
measurements  of  each  of  these  representative  members  and  the 
characteristic  features  used  for  identification  of  the  genera  are  consid- 
ered. There  is  little  difficulty  in  distinguishing  Spirochata,  Sapro- 
spira,  Cristispira,  and  Leptospira  from  one  another.  But  the  dis- 
tinction between  Spironema  and  Treponema  depends  chiefly  upon  the 
rigidity  and  regularity  of  the  spirals  which  are  characteristic  of  the 
treponemata.  Under  natural  conditions  this  difference  is  so  marked 
that  there  should  be  no  confusion  in  classification,  but  under  cultural 

1=  Wolbach,  S.  B.,  and  Binger,  C.  .\.  L.,  /.  Med.  Research,  1914,  xxx,  23. 
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to  the  morphological  modihcations  aue  lu  cuinvi^^.....,  ._„ 

distinction  between  Treponema  and  Spironema  as  insufficient  to 
maintain  two  separate  genera,  and  Dobell  chose  the  term  Treponema 
and  Gross  Spironema  for  the  same  group  of  organisms.  In  my 
opinion  the  characteristics  of  Treponema  and  Spironema,  under 
natural  conditions,  are  sufficiently  pronounced  to  justify  retaining  the 
two  terms  in  classification.  Neither  Treponema  nor  Spironema  has 
any  feature  which  is  likely  to  be  confused  with  those  of  the  other 
four  genera  referred  to  above.  Text-fig.  1  shows  the  types  mentioned 
below. 

Genus. — Spirochccta  (Ehrenberg,  1838).  Type  Organism. — S pirochceta  plicatilis 
(Ehrenberg,  1838)  (Fig.  108).  Measurements.— Lmgih,  100  to  500  m;  blunt  end. 
Diameter,  O.S  to  0.75^;  cylindrical.  Spiral  amplitude,  2  m;  regular.  Spiral  depth, 
1 .5  ;i ;  regular.  Waves,  several,  large,  inconstant,  irregular.  Axial  Filament. — 
Distinct  in  stained  specimens;  flexible;  elastic.  Chambered  Structure. — Absent. 
Membrane. — Absent.  Crista. — Absent.  Terminal  Finely  Spiral  Filament. — 
Absent.  Flagella. — Absent'.  Highly  Motile  End  Portion. — Absent.  Division. — 
Transverse.  Habitat  of  Genus. — Free  living  in  fresh  or  marine  water.  Other 
Species. — Plicatilis  marina,  plicatilis  eustrepla,  stenostrepta,  daxensis.  Staining 
Properties  of  Axial  Filament  and  Cell  Membrane. — A.xial  filament  consists  of  chitin 
or  cutin-like  substance.  Stains  violet  by  Giemsa's  solution  and  gray  by  iron- 
hematoxylin.  Staining  Properties  of  Body.- — Plasmic  spirals  of  the  body  stain 
with  eosin,  rubin,  etc.  Contain  volutin  granules.  Trypsin  Digestion. — Axial  fila- 
ment resistant.  Bile  Salts  {10  Per  Cent). — Becomes  shadowy  pale  but  is  not 
dissolved.  Saponin  {10  Per  Cent). — Lives  30  minutes.  Later  becomes  shadowy, 
but  is  not  dissolved. 

Genus. — Saprospira  (Gross,  1911).  Type  Organism. — Saprospira  grandis 
(Gross,  1911).  Measurements. — Length,  100  to  120  ;u;  obtuse  end.  Diameter, 
?/i;  cylindrical.  Waves,  large,  inconstant,  shallow,  irregular,  3  to  5  in  number. 
Sometimes  almost  straight.  Axial  Filament. — Absent.  Chambered  Structure. — 
Present.  Membrane. — Distinct,  flexible,  elastic.  Crista. — Absent.  Terminal 
Finely  Spiral  Filament. — Absent.  Flagella. — Absent.  Highly  Motile  End  Por- 
tion.— Absent.  Division. — Transverse.  Habitat  of  Genus. — Free  living  in  for- 
aminiferous  sand.    Other  Species. — Nana. 

Genus. — Cristispira  (Gross,  1910).  Type  Organism. — Cristispira  balbianii 
(Certes,  1882)  (Figs.  104 and  105).  Measurements.— Length,  45  to  90  m;  obtuse 
end.     In  stained  preparations  the  end  may  be  sharply  pointed,  but  this  is  due 
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to  shrinkage  by  lixing  reagents.  Diameter,  1  to  1.5  ;u;  cylindrical.  Waves,  2  to  5, 
sometimes  more,  large,  irregular,  shallow.  In  a  dying  specimen  the  waves  may 
be  more  numerous  and  regular.  Axial  Filament. — Absent.  Chambered  Structure. — 
Present.  Membrane. — Distinct,  flexible,  elastic.  Crista. — Present,  a  ridge-like 
membrane.  Spirally  wound  bod\'.  Terminal  Finely  Spiral  Filament. — Absent. 
Flagella. — Absent.  Highly  Motile  End  Portion. — Absent.  Division. — Trans- 
verse. Habitat  of  Genus. — Parasitic  in  the  alimentary  canals  of  shell-fish.  Other 
.'^'ficries. — f),?/iYr.   aiiodniilir.   modiolir.  veneris,  tiipelns,  rhunirr,  ctr.     .'^Iniin'ii^  Proj>- 


Ou  10m  2^r^"°''"^^u  Cr-isLispira     Saproaprji         Spiroch^ta 


Treponema 


Leptospira 


ihXi-lii..  1.  Diagram  uiiUrasting  the  characteristic  features  ami  relative 
proportions  of  Spironema,  Treponema,  Crislispira,  Saprospira,  Spirochtcta,  and 
Leptospira.  The  scale  in  microns  is  given  in  the  upper  left-hand  corner  of 
the  figure. 

erlies  of  Axial  Filament  and  Cell  Membrane. — Membrane  behaves  like  chitin  or 
cutin  substance.  Stains  violet  by  Giemsa's  solution  and  light  gray  by  iron-hema- 
tox\-lin.  Staining  Properties  of  Body. — The  body  is  alternately  stained  red  and 
bluish  violet  and  the  crista  red  by  Giemsa's  solution.  Iron-hemato.xylin  brings 
out  sharp  septa  and  a  layer  of  chromatin  granules.  Trypsin  Digestion. — JSfembrane 
resistant.  Crista  and  chambers  disappear.  Bile  Salts  {10  Per  Cent).— Crisis. 
quickly  destroyed.  Body  not  attacked.  Saponin  {10  Per  Cent). — Crista  becomes 
fibrillar,  then  indistinct.     Body  not  affected. 
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Genus. — Spironema  (Vuillemin,  1905).  Type  Organism. — Spironema  reciirrenlis 
(Lebert,  1874")  (Figs. 94  lo96).  Measurements. — Length, 8  to  16M;poinled  ends. 
Diameter,  0.v35  to 0,5  m; cylindrical  or  slightly  flattened.  Spirals,  large,wavy,  incon- 
stant, about  five  in  number.  Closer  and  more  regular  in  cultures.  Axial  Fila- 
ment.— Probably  present.  Chambered  Structure. — Absent.  Membrane. — Deli- 
cate, flexible,  double  contoured.  Crista. — Absent.  Terminal  Finely  Spiral  Fila- 
ment.— Present,  easily  seen  in  cultures,  Flagella. — Absent.  Highly  Motile  End 
Portion. — Absent.  Division. — Transverse,  possibly  also  longitudinal.  Habitat 
of  Genus. — Numerous  pathogenic  and  non-pathogenic  varieties.  Other  Species. 
—Carleri,  koclii,  novyi,  dulloni,  berbera,  aegyptica,  gallinarum,  anserina,  theilcri, 
equi,  muris.  eugyralum,  microgyratum,  buccalis,  refringens,  etc.  Staining  Prop- 
erties of  Axial  Filament  and  Cell  Membrane. — Membrane  difiicult  to  differentiate. 
Staining  Properties  of  Body. — Stains  violet  by  Giemsa's  solution.  Bile  Salts  {10 
Per  Cent). — Disintegration  complete.  Saponin.  {10  Per  Cent). — Immobilized 
in  30  minutes  then  broken  up  in  a  few  hours.  In  some  there  is  an  axial  filament 
laid  bare. 

Genus. — Treponema  (Schaudinn,  1905).  TypcOrganism. — Trcpouinui  pallidum 
(Schaudinn  and  Hoffmann,  1905'*)  (Figs.  69  to  72  and  103).  Measurements.— 
Length,  6  to  14  m;  pointed  ends.  Diameter,  0.25  to  0.3  m;  cylindrical.  Spiral 
amplitude,  1  m;  regular,  rigid.  Spiral  depth,  0.8  to  1  m;  very  constant.  Waves, 
one  or  more  slight  undulating  curves  may  be  present.  Axial  Filament. — Doubt- 
ful. The  whole  seems  to  consist  of  a  spirally  wound  a.xial  filament.  Chambered 
Structure. — Absent.  Membrane. — Doubtful;  if  there  is  one  it  must  be  flexible. 
Crista. — Absent.  Terminal  Finely  Spiral  Filament. — Present.  Easily  seen  in  cul- 
tures. Flagella. — Absent.  Highly  Motile  End  Portion. — Absent,  Division. — 
Transverse  or  possibly  also  longitudinal.  Habitat  of  Genus. — Two  pathogenic  and 
several  harmless  parasites.  Other  Species. — Pertenue,  microdnilium.  miurodcntium. 
mucosum,  calligyrum,  minutum.  Staining  Properties  of  Axial  Filammt  and  Cell 
Membrane. — Membrane  not  recognizable.  Staining  Properties  of  Body. — Stains 
pink  by  Giemsa's  solution.  Trypsin  Digestion. — Resists  digestion  for  many  days. 
Bile  Salts  {10  Per  Cent). — Disintegration  complete.  Saponin  {10  Per  Cent). — 
Broken  up  in  time. 

Genus. — Leptospira  (Noguchi,  191").  Type  Organism. — Leptospira  iclero 
hccmorrhagicc  (Inada  and  Ido,  1914)  (Figs.  1  to  68, 101,  and  102).  Measurements.— 
Length,  7  to  9  to  14  m;  exceptionally  30  to  40  m;  pointed  ends.  Diameter,  0.25  to 
0.3  m;  cylindrical.  Spiral  amplitude,  0.45  to  0.5  m;  regular,  rigid.  Spiral  depth, 
0.3  m;  regular.  Waves,  one  or  more  gentle  wavy  curves  throughout  the  entire 
length.  When  in  a  free  space,  one  or  both  ends  may  be  semicircularly  hooked, 
while  in  semisolid  media  the  organism  appears  serpentine,  waved,  or  bent,  lis 
flexibility  is  most  striking.     Axial  Filament. — Not  recognized.     Chambered  Struc- 

"  Lebert,  H.,  Riickfallstyphus,  Flecktyphus  uiid  Cholera,  in  von  Ziemsscn,  H., 
Handbuch  der  speciellen  Pathologic  und  Therapie,  Leipsic,  1874,  ii,  267. 
'*  Schaudinn,  F.,  and  Hoffmann,  E.,  Arb.  k.  Gsndhtsamte.,  1905,  xxii,  527, 
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ture. — ^Absent.  Membrane. — Not  recognized.  Crista. — ^Absent.  Terminal  Finely 
Spiral  Filament. — Not  recognized.  Flagella. — Absent.  Highly  Motile  End 
Portion. — WeD  developed  in  the  last  six  to  eight  spirals.  Division. — Transverse. 
Habitat  of  Genus. — One  pathogenic  and  one  possibly  non-pathogenic  variety 
known.  Other  Species. — Biflexa  (Wolbach  and  Binger).  Staining  Properties  of 
A  xial  Filament  and  Cell  Membrane. — Membrane  not  recognizable.  Staining  Prop- 
erties of  Body. — Stains  reddish  violet  by  Giemsa's  solution.  Bile  Salts  (10 
Per  Cent). — Easily  dissolved.     Saponin  {10  Per  Cent). — Completely  resistant. 

The  comparative  dimensions  of  these  representative  organisms 
may  be  shown  by  putting  side  by  side  the  diameter,  spiral  amplitude, 
spiral  depth,  and  length  of  each,  taking  the  diameter  of  the  finest 
member,  Leptospira  icterohcemorrhagicc,  as  a  unit  of  comparison  (Table 

I). 

T.\BLE    I. 


Organism. 

Thickness. 

Spiral 
amplitude. 

Spiral  depth. 

Length. 

Leptospira  icterohamorrhagix . . . 

1  (0.25  m) 
1.2  (0.3  m) 

2  (0.5  m) 
5  (1.2m) 
5  (1.2m) 

3  (0.75m) 

2  (0.5m) 
4  (1m) 
12  (3  m) 
60  (15  m) 
32  (8  m) 
18  (4.5  m) 

1.2  (0.3m) 
3.6(0. 9m) 
6  (1.5  m) 
24  (6  m) 
8  (2  m) 
6  (1.5  m) 

56  (14  m) 
48  (12  m) 
32  (8  m) 

200  (50  m) 

400  (100  m) 
600  (150  m) 

One  may  obtain  the  comparative  proportions  for  each  genus  by 
using  the  diameter  of  its  representative  member  as  a  unit  of  com- 
parison, as  in  Table  II. 

TABLE    II. 


Organism. 

Thickness. 

Spiral 
amplitude. 

Spiral  depth. 

Length. 

1  (0.75  m) 

I  (1.2  m) 
1(1. 2m) 
1  (0.5m) 
1  (0.3  m) 
1  (0.25  m) 

6  (4.5  m) 
7(  8m) 
13  (15  m) 
6(  3m) 
^■i{  1m) 
2  (0.5  m) 

2  (1.5  m) 
1.8  (2  m) 
5  (6  m) 

3  (1.5  m) 
3  (0.9  m) 
I  (0.25m) 

200  (150  m) 

83  (100  m) 

41  (  50  m) 

16(  8  m) 

40  (12  m) 

Leptospira  iclerohmmorrhagice  - .  . 

56(14m) 

The  proportions  are  distinctive  for  each  genus,  and  form,  with  other 
differentiating  features  already  discussed,  a  fairly  well  established 
basis  for  the  classification  of  these  spiral  organisms,  hitherto  so  indis- 
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criminately  called  by  the  general  name  of  spirochetes.  It  would  be 
desirable,  in  describing  a  new  spiral  organism,  to  place  it  in  one  of  the 
six  cksses  discussed,  since  under  the  vague  name  of  spirochete  no 
one  can  visualize  the  actual  features  of  the  organism  in  question, 
while  if  it  is  called  Leptospira,  for  example,  certain  definite  features  are 
connoted,  and  confusion  with  other  so  called  spirochetes  is  avoided. 
This  is  particularly  important  when  one  is  examining  specimens  of 
urine  such  as  those  from  certain  cases  in  which  a  Leptospira  or  a 
Treponema  may  be  present  alone  or  together,  as  in  a  study  of  trench 
infections.  Patterson'^  and  Nankivell  and  Sundell-"  discovered  the 
latter  type  in  cases  of  trench  fever  of  unknown  origin,  while  the 
former  has  been  found  responsible  for  a  number  of  cases  of  various 
trench  affections  .-'■- 

A  brief  note  may  be  made  of  the  relation  of  Leptospira  to  a  com- 
paratively minute  species  of  spirochete,  Spirochceta  stenostrepta,  de- 
scribed by  Zuelzer'  (Figs.  109  and  110).  The  organism  was  found  in 
stagnant  water  with  Spirochceta  plicatilis.  It  has  a  diameter  of  0.25  /x 
and  a  length  of  20  to  60  ii,  seldom  reaching  a  length  of  200  fi.  In  a 
short  specimen  which  measured  13  /i  there  were  eleven  spirals.  In  life 
an  axial  filament  was  recognized.  Here  the  leptospira  can  be  dis- 
tinguished by  its  lack  of  an  axial  filament  and  its  closer  spirals.  In  the 
latter  respect  certain  oscillatorial  organisms  such  as  Spirulina  vesicolor 
(Figs.  Ill  and  112),  or  Spirulina  tenidssima  have  a  superficial  re- 
semblance to  leptospira,  but  their  multicellular  structure,  which  can 
be  demonstrated  by  subjecting  them  to  a  preliminary  treatment  with 
trypsin  solution  before  staining,  shows  them  to  be  very  different. 
Each  coil  here  represents  an  individual  cell  separated  from  the  ad- 
joining cells  by  walls.  The  spirulina  has  blunt  ends  and  does  not 
exhibit  the  active,  brusque  movements  characteristic  of  leptospira. 

'^  Patterson,  S.  W.,  J.  Roy.' Army  Med.  Corps,  1917,  xxix,  503. 
-»  NankiveU,  A.  T.,  and  Sundell,  C.  E.,  Lancet,  1917,  ii,  672,  836. 
"  Couvy,  L.,  and  Dujarric,  R.,  Compl.  rend.  Soc.  biol.,  1918,  Ixxxi,  22. 
--  Dudgeon,  L.  S.,  Lancet,  1917,  ii,  823. 
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The  present  study  deals  with  the  morphology  and  systematic 
position  of  the  causative  agent  of  infectious  jaundice.  There  are 
several  features  which  are  not  found  in  any  of  the  hitherto  known 
genera  of  Spirochastoidea  which  led  me  to  give  this  organism  an 
independent  generic  name,  Leptospira,  denoting  the  peculiar  minute 
elementary  spirals  running  throughout  the  body.  The  absence  of 
a  definite  terminal  flagellum  or  any  flagella,  and  the  remarkable 
flexibility  of  the  terminal  or  caudal  portion  of  the  organism  are 
other  distinguishing  features.  Unlike  all  other  so  called  spirochetes 
the  present  organism  resists  the  destructive  action  of  10  per  cent 
saponin. 

A  detailed  comparative  study  of  related  genera,  including  Spiro- 
chata.  Saprospira.  Cristispira,  Spironema,  and  Treponema,  has  been 
given  with  the  view  of  bringing  out  more  strongly  the  contrast 
between  them  and  the  new  genus. 

A  study  has  been  made  to  discover  whether  any  differential 
features  exist  among  the  strains  of  Leptospira  icterohcEmorrhagia 
derived  from  the  American,  Japanese,  and  European  sources,  but 
none  has  been  found. 

It  is  hoped  that  the  creation  of  a  new  genus  may  facilitate  a 
more  e.xact  morphological  description  than  has  hitherto  been  possi- 
ble, due  to  the  vague  use  of  the  term  Spirochata  which  indiscrimi- 
nately covered  at  least  sLx  large  genera  of  spiral  organisms. 

EXPL.\N.\TIOX  OF  PL.ATES. 

Plate  25. 

Figs.  1  to  23  show  the  morphological  features  of  the  American  strain  of  Lepto- 
spira icterohamorrhagia  in  stained  preparations. 

Fig.  1.  Leptospira  icterohamorrhagia:  in  the  blood  of  an  experimentally  in- 
fected guinea  pig,  showing  irregular  refringent  waves,  but  no  minute  elementary 
spirals.     Methyl  alcohol  fi.xation  and  Giemsa's  solution.     X  1,000. 

Fig.  2.  The  same  in  a  liver  emulsion  from  a  similar  animal.  E.xcept  for  the 
few  moderate  undulations  of  the  body,  there  is  no  indication  here  that  these  are 
spiral  organisms.     Methyl  alcohol  fixation  and  Giemsa's  solutioh.     X  1,000. 

Fig.  3.  The  same  in  a  kidney  emulsion.  Fi.xation  and  staining  the  same  as 
above.     X  1.000. 
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Fig.  4.  The  same  in  a  blood  specimen  of  an  infected  guinea  pig.  Fixation 
and  staining  the  same  as  above.     X  1,000. 

Figs.  1  to  4  are  intended  to  show  the  appearance  of  the  leptospirae  in  an  air- 
dried  specimen,  fixed  with  methyl  alcohol,  and  stained  with  Giemsa's  solution. 
They  do  not  show  any  elementarj'  spirals  and  appear  as  smooth,  somewhat  wavy 
filaments. 

Figs.  5  to  11.  Leptospira  icIcrohamorrhagicB  in  stained  preparations  from  a 
culture  in  its  first  generation  on  the  5th  day.  They  were  fixed  when  moist  by 
osmic  acid  vapor  for  2  minutes,  then  hardened  in  absolute  alcohol  for  30  minutes, 
and  after  being  thoroughly  washed  in  distilled  water,  wxre  stained  over  night  with 
Giemsa's  solution  (1:20  dilution).  In  these  preparations  there  were  many  in- 
stances where  the  fixation  and  staining  were  not  so  satisfactor>'  as  in  the  specimens 
shown  in  these  photomicrographs.  A  careful  examination  makes  possible  recog- 
nition of  the  closely  set,  minute,  regular  spirals  throughout  the  entire  length  of 
the  organism.  With  a  magnification  of  1,000  they  are  almost  too  minute  to 
enable  one  to  count  the  number  of  the  spirals.     X  1,000. 

Figs.  12  to  23.  Leptospira  ictcrohamorrhagia:  magnified  3,000  times,  which 
brings  out  the  features  more  distinctly.  All  except  Figs.  21  to  23  show  the  ele- 
mentary spirals  well.  There  are  ten  to  twelve  spirals  to  every  5  m,  making  the  dis- 
tance between  the  apex  of  one  spiral  to  that  of  the  next  about  0.5  n.  The  terminal 
portions  of  the  organisms  are  recognized  by  the  gradually  decreasing  diameter 
and  the  coloration,  which  is  lighter  than  that  of  the  main  portion  of  the 
body.  These  end  portions  seem  to  possess  about  six  elementary  spirals  and 
measure  about  3m  in  length.  They  e.xhibit  remarkable  activity  and  flexibility 
and  serve  as  propellers  in  progression  in  free  space  and  as  feelers  in  guiding  the 
organism  through  a  semisolid  medium.     Note  Fig.  12. 

Fig.  18  shows  a  specimen  fijced  probably  during  a  somersault  movement. 
The  elementary  spirals  appear  as  dimly  stained  cross  bars  (imperfect 
fixation). 

Fig.  21  shows  three  organisms  attaching  themselves  to  a  red  corpuscle.  The 
spirals  are  not  distinctly  brought  out,  but  one  recognizes  them  as  more  intensely 
stained  dots,  arranged  obliquely  with  respect  to  the  optical  axis  of  the 
organism. 

Fig.  22  (also  Figs.  13  and  19)  shows  a  specimen  fixed  while  rotating  on  its  axis 
in  a  free  space.  The  organism  was  otherwise  stationary,  as  shown  by  its  sym- 
metrically bent  hooks.  Compare  with  Fig.  20,  which  has  one  hook,  and  there- 
fore must  be  proceeding  in  the  direction  of  the  straight  end. 

The  two  specimens  in  Fig.  23  show  no  definite  direction  of  progression.  The 
spirals,  though  not  well  fixed,  are  fixed  sufficiently  for  recognition. 

In  Figs.  12,  15,  17,  21,  and  23,  there  is  a  clear  space,  or  halo  (about  0.15  m  wide) 
about  the  organisms  along  the  entire  length.  Whether  this  clear  zone,  or  halo,  in- 
dicates the  presence  of  a  less  chromatic  membrane  enveloping  the  organisms  or  is 
merely  due  to  the  dispersion  of  particles  (culture  media)  from  their  immediate 
neighborhood  by  their  rotary  movements  cannot  yet  be  determined. 
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Plate  26. 

Figs.  24  to  35.  Specimens  of  the  American  strain  oi  Leptospira  iclcrohamor- 
rhagia  as  seen  under  the  dark-iield  microscope. 

Fig.  24.  The  organisms  in  a  liver  emulsion  of  an  e.xperimentaDy  infected  guinea 
pig.  They  are  in  resting  position  and  show  no  characteristic  hooked  ends.  One 
isolated  leptospira  has  both  ends  hooked,  but  not  typically,  as  it  would  be  while 
actively  rotating  or  progressing  in  a  free  space.  The  spirals  appear  as  regularly 
set  cross  bands.     X  1,000. 

Figs.  25  and  26.  A  higher  magniiication  of  the  same  specimens.  The  finely  set 
regular  spirals  are  distinctly  shown  at  the  right  in  Fig.  24,  and  the  cross-barred  or 
dotted  aspect  of  the  spirals  is  shown  in  the  other  two  of  the  same  figure  and  also 
in  Fig.  26.      X  3,000. 

Fig.  27  (X  1,000)  and  Figs.  28,  29,  and  30  (X  3,000)  show  the  leptospira  in 
the  kidney  emulsion  of  an  infected  guinea  pig.  Except  for  the  specimen  at  the 
center  df  Fig.  27,  the  organisms  are  in  undulatory  positions,  with  gracefully 
wound,  rather  loose  waves.  This  position  almost  always  indicates  that  the  organ- 
isms are  in  a  semisolid  medium,  which  they  are  penetrating  by  means  of  spiral 
propulsion.  They  often  remain  in  the  same  position  for  some  time  before  renew- 
ing their  efforts  to  e.xtricate  themselves.  Their  dotted  or  cross-barred  appear- 
ance remains  unmodified  under  these  circumstances. 

Fig.  31  (X  1,000)  and  Fig.  32  (X  3,000)  show  similar  but  more  pronounced 
characteristic  features. 

Fig.  34.  The  minute  elementary  spirals  are  plainly  seen  in  the  three  entangled 
leptospirae  in  the  right  upper  corner,  while  in  three  organisms  of  Fig.  ii  they  are 
recognizable  only  as  dots  or  bars.     X  3,000. 

Fig.  35.  A  large  mass  of  leptospirae  in  a  fluid  culture  3  weeks  old.  They  grow 
considerably  longer  in  such  a  medium  and  form  a  mass  of  entangled  organisms 
having  the  same  minute  elementary  spirals  as  uncultivated  specimens.      X  1,000. 

Plate  27. 

Figs.  36  to  57  represent  the  British  strain  (Stokes)  of  Leptospira  icterohamor- 
rhagice. 

Fig.  36.  A  Fontana  preparation  of  the  leptospiras  in  the  liver  emulsion  of  an 
infected  guinea  pig.  The  elementary  spirals  can  hardly  be  distinguished.  X 
1,000. 

Fig.  37.  A  badly  fi.xed  osmic  acid-Giemsa  preparation,  in  which  one  of  the 
organisms  on  the  e-xtreme  right  appears  as  a  negative  image  with  minute  elemen- 
tary spirals  well  brought  out.  The  dye  settled  about  the  leptospira  without 
staining  the  organism  itself.     X  1,000. 

Figs.  38  to  43.  A  preparation  better  fixed  with  osmic  acid  vapor  and  well 
stained  with  Giemsa's  solution.  The  leptospirae  were  cultivated  7  days  at  28°C. 
In  none  of  them  is  there  any  difficulty  in  discerning  the  individual  elementary 
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spirals  throughout  the  entire  length  of  the  organism.  Perhaps  owing  to  imper- 
fect fixation,  the  elementar\'  spirals  in  the  terminal  portions  are  less  numerous 
and  the  spiral  depth  is  shallower  than  in  the  main  portion,  which  also  takes  on 
a  more  intense  stain.  In  the  majority  of  specimens  the  spiral  amplitude  of  the 
main  portion  is  about  the  same  as  that  of  the  American  or  the  Japanese  strain 
(0.5  ii).  There  are  a  few  specimens,  however,  which  measure  0.6  m  from  one  spiral 
to  the  next.     X  1,000. 

Figs.  44  to  52.    The  same.     X  3,000. 

Figs.  53  to  57.  Dark-field  views  of  the  leptospira.  Figs.  53,  56,  and  57  are 
from  a  fluid  medium,  and  Figs.  54  and  55  from  a  semisolid  medium.     X  1,000. 

Plate  28. 

Figs.  58  to  68.  Dark-field  views  of  the  Japanese  strain  of  Leptospira  ictero- 
h(BmorrhagicB  from  a  7  day  culture  on  semisolid  medium.  Figs.  58  to  62  are  mag- 
nified 1,000  times  and  Figs.  63  to  68,  3,000  times.  These  photographs  show  the 
remarkable  flexibility  of  the  tight,  elementary  spirals  of  the  organisms.  The  num- 
erous circularly  coiled  specimens  suggest  the  peculiar  hoop-like  coiling  form  of  some 
specimens  of  Cristispira  balbianii  in  the  crystalline  styles  of  oysters. 

Figs.  69  to  72.  Dark-field  views  of  Treponema  pallidum  which  are  given  here 
for  comparison  with  the  leptospira;.  Their  larger  spiral  amplitude  and  spiral 
depth,  and  their  rigidity  are  sufficiently  differentiating.  Figs.  69  and  71  are 
magnified  1,000  times,  and  Figs.  70  and  72,  3,000  times. 

Plate  29. 

Some  of  these  photomicrographs  are  from  stained  and  some  from  dark-field 
preparations.  They  are  reproduced  here  to  illustrate  the  differential  character- 
istics of  several  constituent  genera  of  the  family  of  Spirochatoidea  (Dobell).  X 
1,000. 

Treponema  Group. 

Figs.  73  to  76.  Dark-field  views  of  a  minute  treponema  (Treponema  minutum, 
n.  sp.)  found  in  a  smegma.  Their  average  spiral  amplitude  is  0.9  to  1  ii,  spiral 
depth,  0.2  to  0.5  m,  average  number  of  spirals,  eight  to  ten  in  7  to  9  /i,  and  thick- 
ness, 0.3  iJL. 

Figs.  80  to  83.  Treponema  calligyrum  in  smegma.  Spiral  amplitude,  1.75  ii, 
depth,  0.5  to  1  m,  four  to  seven  spirals  in  7  to  12  m,  thickness,  0.4  to  0.5  ^. 

Fig.  84.     The  same  from  a  culture. 

Fig.  85.     Treponema  microdentium  from  the  mouth. 

Fig.  86.    The  same  from  a  culture. 

Fig.  88.     Treponema  macrodentium  from  a  culture. 

Figs.  92  and  93.  \  treponema  from  the  urine  of  a  child,  resembling  the  small- 
est smegma  treponema  (Figs.  73  to  76). 
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Spiroucnia  Group. 

Figs.  77  and  78.  Spironcma  rcfr  in  gens  horn  smegma.  Spiral  amplitude,  2  to 
2.75  ^;  spiral  depth,  0.5  to  1.5^;  four  to  eight  spirals  in  11  toie^;  thickness,  0.7^- 

Fig.  79.     The  same  from  a  culture. 

Fig.  87.     Spironema  vinccnii  from  the  mouth. 

Figs.  89  to  91.  Spironema  huccalis  from  the  mouth.  Spiral  amplitude,  2.75 
to  3.7  m;  spiral  depth,  0.7  to  1  m;  four  to  seven  and  one-half  spirals  in  11  to  17  m; 
thickness,  0.5  to  1  fi. 

Figs.  94  and  96.     Spironema  recurrenlis  in  a  culture. 

Fig.  95.     The  same  in  the  blood  of  an  infected  mouse. 

Fig.  97.     Spironema  dultoni  in  a  culture. 

Fig.  98.     Spironema  kochi  in  a  culture. 

Fig.  99.     Spironema  gallinarum  in  a  culture. 

Fig.  100.     Spironema  novyi  in  the  blood  of  an  infected  rat. 

Leptospira  Group. 

Fig.  101.     Leptospira  iclerohamorrhagicc,  .\merican  strain.     X  1,000. 
Fig.  102.     Leptospira  icteroha:morrhagice,  Japanese  strain.      X  1,000. 
Fig.  103.     Treponema  pallidum  for  comparison.     Same  magnification. 


Cristispira  Group. 

Fig.  104.  Dark-field  view  of  Cristispira  halhianii  from  oysters  obtained  near 
Woods  Hole. 

Fig.  105.     The  same.     Osmic  acid  fi,\ation.     Stained  with  Giemsa's  solution. 

Fig.  106.  Cristispira  veneris  (?)  from  clams  obtained  near  Long  Island  Sound. 
Sublimate  alcohol  fixation  and  Heidenhain's  iron-hemato.xvlin. 


Saprospira  Group. 

Fig.  107.    .\n  organism  possibly  belonging  to  this  genus.    It  was  cultivated  by 
me  from  oysters  obtained  near  New  York. 


Spirochceta  Group. 

Fig.    108.     Spirochicta  plicatilis.     Sublimate  acetic-acid-alcohol   fixation   and 
iron-hematoxylin  (after  Zuelzer). 
Figs.  109  and  110.    SpirocltcEla  stenoslrcpta  (aiter  Zuelzer). 
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Spirulina  Croup. 

Fig.  111.  Spirulina  vesicolor.  This  organism  does  not  belong  to  the  family 
of  Spirochastoidea,  but  on  account  of  its  close  spirals  it  is  shown  here.  Iodine- 
alcohol  and  Delafield  hematox>-lin  (after  Zuelzer). 

Fig.  112.  The  same,  at  another  plane  of  focus,  where  the  innermost  structure 
is  not  brought  out  as  in  Fig.  HI. 
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FURTHER  STUDY  ON   THE  CULTURAL  CONDITIONS  OF 
LEPTOSPIRA  (SPIROCH.^TA)  ICTEROH^MORRHAGLE. 

By  HIDEYO  NOGUCHI,  M.D. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  Februarv'  20,  1918.) 

The  cultivation  of  Leptospira  {Spirochceta)  icterohamorrhagice^  is  compara- 
tively simple.  It  was  first  accomplished  by  Inada  and  his  coworkers^  by  means  of 
the  method  recommended  by  me  for  the  cultivation  of  several  varieties  of  blood 
spirochetes.'  Later,  various  techniques  for  the  isolation  of  this  organism  on 
artificial  media  were  proposed  by  Ito  and  Matsuzaki,''  Reiter,^  Martin,  Pettit, 
and  Vaudremer,^  and  myself.'  WhOe  all  the  methods  appear  to  have  given 
satisfactorj'  results,  there  is  no  unanimity  as  to  the  best  one  to  be  followed  in 
routine  work.  As  far  as  I  am  aware,  there  has  been  no  critical  analysis  of  the 
conditions  requisite  for  unifor;n  success  in  obtaining  a  culture.  I  wish  to  report 
here  some  of  the  results  of  my  study  of  the  various  strains  from  Asiatic,  Euro- 
pean, and  American  sources. 

Necessity  of  Fresh  Serum  Constituents  for  the  Growth  of  Leptospira 
icterohcemorrhagicB . 

My  first  cultures  of  the  Japanese,  European,  and  American  strains 
of  Leptospira  icterohamorrhagice  were  obtained  by  employing  a  medium 
containing  about  1  part  of  normal  rabbit  serum  and  2  parts  of 
Ringer's  solution,  with  the  addition  of  an  adequate  amount  of  citrate 
plasma.*     The  rate  of  multipHcation  of  the  organism  is  faster  at  37°C. 

'  Noguchi,  H.,  J.  Exp.  Med.,  1918,  xxvii,  575. 

2  Inada,  R.,  Ido,  Y.,  Hoki,  R.,  Kaneko,  R.,  and  Ito,  H.,  J.  Exp.  Med.,  1916, 
xxiii,  377. 

'  Noguchi,  /.  Exp.  Med.,  1912,  xvi,  199. 

■*  Ito,  T.,  and  Matsuzaki,  H.,  /.  Exp.  Med.,  1916,  xxiii,  557. 

5  Reiter,  H.,  Deutsch.  med.  Woch.,  1916,  xlii,  1282. 

^  Martin,  L.,  Pettit,  A.,  and  Vaudremer,  A.,  Compt.  rend.  Soc.  bioL,  1917, 
Ixxx,  197. 

'  Noguchi,  J.  Exp.  Med.,  1917,  xxv,  755. 

'  About  0.5  part. 
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than  at  25°C.,  but  on  the  whole  the  first  generation  grows  much  more 
slowly  than  a  later  generation.  It  may  be  several  days  before  growth 
is  definitely  ascertained. 

The  question  may  be  raised  as  to  what  part  of  the  serum  is  essential 
for  the  cultivation  of  the  organism.  For  the  purpose  of  determining 
this  point,  a  portion  of  a  mixture  of  rabbit  serum  1  part,  and  Ringer's 
solution  3  parts,  was  heated  to  60°C.  for  30  minutes  and  another 
portion  to  100°C.  for  15  minutes.  Unheated  serum  was  used  as  con- 
trol. It  was  found  that  heating  to  100°C.  for  15  minutes  destroyed 
the  nutrient  value  of  the  rabbit  serum.  Heating  to  60°C.  for  30 
minutes  reduced  but  did  not  destroy  its  cultural  value  as  compared 
with  the  control.  The  nutrient  principle  of  the  serum,  therefore,  is 
closely  associated  with  coagulable  serum  proteins.  Filtration  through 
the  Berkefeld  filter  does  not  alter  the  cultural  value  of  the  serum 
medium. 

Comparative  Nutrient  Value  of  Various  Sera. 

Not  many  animals  are  susceptible  to  the  inoculation  of  Leptospira 
icterohamorrhagice,  and  the  guinea  pig  is  the  only  animal  in  which  the 
infection  is  almost  invariably  fatal.  Rabbits  are  comparatively  re- 
sistant, 1  to  2  cc.  of  a  well  growing  pure  culture  being  required  to 
produce  Jaundice,  whereas  0.000001  cc.  of  the  same  cultures  may  cause 
typical  symptoms  and  death  in  a  guinea  pig.  Dogs  are  more  sensi- 
tive than  rabbits,  while  cats,  white  rats,  mice,  and  wild  rats  tolerate 
the  infection  and  become  carriers.  A  comparison  of  the  suitability 
of  various  animal  sera  for  purposes  of  cultivation  of  the  organism  is  of 
practical  as  well  as  of  biological  interest. 

Sheep  Serum. — Of  twelve  diff'erent  sheep  sera,  only  four  were 
found  to  be  suitable,  and  in  these  the  life  of  the  organism  was  much 
shorter  than  in  rabbit  serum  medium.  A  mixture  of  serum  1  part, 
Ringer's  solution  3  parts,  and  1.5  per  cent  agar  0.5  part  was  used. 
Undiluted  sheep  sera  gave  no  better  results,  nor  was  the  use  of  the 
citrate  plasma  from  sheep  advantageous. 

Guinea  Pig  Serum. — Eight  different  lots  of  guinea  pig  sera  were 
tested,  each  lot  containing  the  sera  from  several  animals,  and  good 
results  were  obtained  in  all.  The  sera  were  diluted  three  times  with 
Ringer's  solution  and  a  small  amount  of  agar  or  citrate  plasma  was 
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added.  In  this  medium,  however,  the  organism  died  out  much  sooner 
than  in  the  rabbit  serum  medium. 

Horse  Serum. — Two  out  of  four  different  horse  sera  proved  to  be 
very  satisfactory,  especially  when  used  in  a  mixture  of  1  part  serum, 
3  parts  Ringer's  solution,  and  0.5  part  1.5  per  cent  agar.  In  this 
medium  the  culture  survived  for  many  weeks. 

Calf  Serum. — Only  two  calf  sera  were  tested,  but  both  gave  a 
fairly  good  growth.  A  1 :  4  dilution  of  serum  with  Ringer's  solu- 
tion was  better  than  the  undiluted  serum.  Martin,  Pettit,  and 
Vaudremer^  recommend  a  1 :  10  dilution  of  this  serum  as  most 
suitable. 

Goat  Serum. — The  only  serum  tested  was  very  suitable  when  used 
in  a  mixture  of  1  part  serum,  3  parts  Ringer's  solution,  and  0.5  part 
1.5  per  cent  agar.  The  undiluted  serum  did  not  give  so  good  a 
growth. 

Donkey  Serum. — The  one  available  specimen  proved  totally 
unsuitable. 

Pig  Serum. — Two  pig  sera  were  tested,  but  the  culture  failed  to 
grow  in  any  concentration. 

Rat  Serum. — The  sera  from  about  twenty  white  rats  were  mixed 
and  tested  for  their  nutrient  value.  Diluted  as  well  as  undiluted 
sera  were  employed,  but  the  results  were  negative. 

Human  Serum. — Five  specimens  which  had  been  collected  many 
months  previous  to  the  time  of  testing  proved  to  be  without  any 
nutrient  value  for  the  organism  in  question.  Two  other  specimens, 
which  were  freshly  collected'  from  syphilitic  patients,  were  found  to 
be  fairly  suitable  when  used  in  proportions  of  1 :  1  and  1 : 3  with 
Ringer's  solution.  The  culture  was  short  lived,  however,  reaching  its 
greatest  growth  in  about  11  days  at  37°C.  and  dying  off  during  the 
following  week.  The  growth  of  the  culture  in  the  rabbit  serum 
control  medium  was  still  increasing  when  the  other  cultures  died. 

Ascitic  Fluid. — Twenty  different  samples  of  ascitic  fluid  were 
tested.  They  were  used  undiluted  and  also  in  different  dilutions 
with  Ringer's  solution,  but  up  to  the  present  time  none  has  been 
found  suitable  for  the  cultivation  of  Leptospira  icterohcemorrhagice. 

^  These  specimens  were  obtained  through  the  courtesy  of  Dr.  David  J.  Kaliski. 
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Nutrient  Value  of  Organ  Emulsions. 

In  the  later  stages  of  infection  Leptospira  icterohmmorrhagia:  in- 
vades the  visceral  organs  in  enormous  numbers,  the  liver  and  kidneys 
being  principally  involved.  One  might  infer,  therefore,  that  these 
organs  contain  an  abundant  quantity  of  the  substances  favorable  for 
the  life  and  multiplication  of  the  organism,  and  that  an  emulsion  of 
these  organs  would  constitute  an  ideal  culture  medium.  The  experi- 
mental data,  however,  did  not  support  this  assumption. 

Emulsions  of  approximately  5  per  cent  in  Ringer's  solution  were 
prepared  with  the  liver,  kidney,  spleen,  heart  muscle,  and  testicle 
of  a  normal  rabbit  and  a  normal  guinea  pig,  killed  by  bleeding,  and 
tested  for  their  nutrient  value  as  culture  media.  In  order  to  make  the 
conditions  of  the  media  as  varied  as  possible,  the  emulsions  were  used 
in  four  different  ways:  in  one  set  of  tubes  the  emulsion  was  used 
alone  and  unheated,  in  the  second  it  was  heated  to  60°C.,  in  the 
third  it  was  heated  to  100°C.,  and  in  the  fourth  there  was  added  agar 
amounting  to  0.3  per  cent.  The  mixture  of  rabbit  serum.  Ringer's 
solution,  and  citrate  plasma  and  that  of  rabbit  serum.  Ringer's  solution, 
and  agar  were  used  as  control  media. ^  In  the  media  containing  the 
organ  emulsions  no  sign  of  growth  of  the  spirochete  was  observed, 
while  excellent  cultures  were  obtained  in  the  control  media. 

The  organs  of  guinea  pigs  were  just  as  unsuitable  for  the  cultiva- 
tion of  the  organism  as  those  of  rabbits.  I  was  not  unaware  of  the 
possible  change  in  the  reaction  due  to  autolysis  of  the  organ  cells,  or 
of  the  injurious  effect  which  certain  autolytic  cleavage  products 
might  have,  but  the  emulsions  showed  a  weak  alkaline  reaction  through- 
out the  experiments. 

When  rabbit  serum,  in  the  proportion  of  approximately  25  per 
cent,  was  added  to  a  number  of  the  tubes  containing  the  emulsions, 
the  spirochete  multiplied  vigorously;  therefore,  the  fact  that  no  cul- 
ture was  obtained  with  pure  organ  emulsions  must  have  been  due  to 
the  absence  of  suitable  nutrient  substances  for  the  organism. 

Egg  White  and  Egg  Yolk  as  Culture  Media. 

The  failure  of  various  organ  emulsions  to  serve  as  culture  media 
turned  my  attention  to  the  possibility  of  utilizing  egg  white  and  egg 
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yolk  for  the  purpose.  The  white  and  yolk  of  an  egg  were  separated 
and  each  was  diluted  with  Ringer's  solution  in  different  proportions: 
2.5  cc.  +  Ringer's  solution  2.5  cc;  1  cc.  +  Ringer's  solution  4  cc; 
0.5  cc.  +  Ringer's  solution  4.5  cc;  and  0.25  cc.  +  Ringer's  solution 
4.75  cc.  In  each  instance  one  set  of  tubes  was  used  in  the  fresh  state 
and  the  other  heated  to  55°C.  for  24  hours  with  a  view  to  possible 
improvement  of  nutrient  value.  In  none  of  the  egg  media  was  any 
culture  obtained,  nor  did  the  addition  of  the  rabbit  serum  enhance 
their  nutrient  value  beyond  that  of  the  serum. 

Concentration  of  the  Serum  in  Culture  Media. 

The  importance  of  the  presence  of  serum  for  the  successful  growth 
of  the  spirochete  having  been  demonstrated,  the  following  experi- 
ments were  undertaken  in  order  to  determine  the  influence  of  various 


37 

c. 

26°C. 

Japanese  strain. 

7  days. 

30  days. 

7  days. 

30  days. 

+ 

+  +  + 

+ 

+  +  + 

50  per  cent  rabbit  serum  +  Ringer's  solution.  .  . 

+ 

+  +  + 

+ 

+  +  + 

33    "      "        "          "      +         "              "      ... 

+ 

+  +  + 

+ 

+  +  + 

25    "      "        "          "      +         "              "      ... 

+ 

+  +  + 

+ 

+  +  + 

20   "      "        "          "      +         "              "      ... 

+ 

+  +  + 

+ 

+  +  + 

15    "      "        "          "      +         "              "      ... 

+ 

+  +  + 

+ 

+  +  + 

10   "      "        "          "      +         "              "      ... 

.           + 

+  +  + 

+  + 

+  +  + 

5   "      "        "          "      +         "              "      ... 

+ 

+ 

+ 

+  +  + 

European 

strain. 

Cultures, 
30  days 
at  26°C. 

Proteins  precipitable  with 
10  volumes  of  absolute  alcohol. 

33 

per  cent  rabbit 

serum 

+  Ringer's 

solution 

+  +  + 

Copious  coarse  precipitate 
and  opalescence. 

20 

+ 

+  + 

Copious  coarse  precipitate 
and  opalescence. 

10 

"      "        " 

" 

+ 

+  + 

Minute  granules  and  opal- 
escence. 

5 

«      « 

" 

+ 

" 

+ 

Opalescence. 

2 

"      "        " 

" 

+ 

" 

— 

" 

1 

"      "        " 

" 

+ 

" 

— 

Granular. 

0. 

5   "      "        " 

" 

+ 

" 

- 
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TABLE   I — Concluded. 


American  strains. 

Cultures,  30  days  at  26°C. 

Strain  1 

Strain  2 

Strain  3 

33  per  cent  rabbit  serum  +  Ringer's  solution. . . 
20  "  "  "  "  +  "  "  ... 
10        "      "        "        "       +       "             "      ... 

5        "      "        "        "       +       "             "      ... 

2        "      "        "        "       +       "             "      ... 

1        "      "        "        "       +       "             "      ... 

0.5    "      "        "        "       +       "             "      ... 

+  +  + 

+  +  + 
+  + 

+ 

+  +  + 
+  +  + 
+  +  + 
+  + 

+++ 
+++ 

++ 

+ 

The  above  experiments  show  that  a  maximum  growth  may  be  obtained  with  all 
strains  tested  in  a  medium  containing  more  than  20  per  cent  serum,  while  a  10 
per  cent  serum  medium  may  give  as  much  growth,  but  only  with  certain  strains. 
The  growth  is  scanty  in  a  5  per  cent  serum  solution,  and  in  a  medium  containing 
2  per  cent  or  less  there  is  no  growth. 

concentrations  of  serum  upon  the  culture.     Table  I  summarizes  the 
results. 

Influence  of  Diluents  and  of  Salt  Concentration  upon  the  Culture. 

The  apparent  indifference  of  the  spirochete  to  salt  constituents  of 
the  culture  media  was  noticed  from  the  beginning  of  the  cultivation 


American  strain  No.  1 


Rabbit  serum  1  cc.  +  10  per  cent  soditun  chloride  4  cc.  =  8  per  cent  sodium 
chloride '. 

Rabbit  serum  I  cc.  +  10  per  cent  sodium  chloride  2  cc.  +  water  2  cc.  =  4  per 
cent  sodium  chloride 

Rabbit  serum  1  cc.  +  10  per  cent  sodium  chloride  1  cc.  +  water  3  cc.  =  2  per 
cent  sodium  chloride 

Rabbit  serum  1  cc.  +  10  per  cent  sodium  chloride  0.5  cc.  +  water  3.5  cc.  =  1 
per  cent  sodium  chloride 

Rabbit  serum  1  cc.  +  10  per  cent  sodium  chloride  0.25  cc.  +  water  3.75  cc.  = 
0.5  per  cent  sodium  chloride 

Rabbit  serum  1  cc.  +  water  4  cc.  =  salt-free  control 

"  "  1  "  +  Ringer's  solution  4  cc.  =  serum-Ringer's  solution  con- 
trol   


Cultures 

30  days  at 

26°  C. 


+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 
+  +  + 

+  +  + 
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experiments.  Instead  of  Ringer's  solution,  a  0.9  per  cent  saline  solu- 
tion or  distilled  water  could  be  used  as  a  diluent.  In  fact  sewer 
water  and  stagnant  or  ordinary  tap  water  were  found  to  be  satisfactory 
diluents  when  previously  rendered  sterile  by  filtration  or  autoclaving. 
The  organism  displays  great  tolerance  not  only  to  various  neutral 
salts  or  organic  matter  which  are  apt  to  be  present  in  sewer  or 
stagnant  water,  but  also  to  an  increasing  concentration  of  sodium 
chloride.  The  relation  of  salt  concentration  to  growth  is  shown  in 
Table  II. 

There  was  no  perceptible  difference  in  the  degree  of  growth  of  the 
organism  in  this  experiment,  or  in  its  morphological  features.  The 
tonicity  of  the  culture  medium  is  apparently  an  unimportant  factor. 

Effect  of  Reaction  upon  the  Culture. 

Leptospira  icterohcemorrhagice  seems  to  be  one  of  the  most  sensitive 
of  the  microorganisms  to  the  reaction  of  the  culture  medium.  A  slight 
variation  to  acid  or  alkaline  from  a  given  optimum  zone  renders  a 
medium  totally  unsuitable  for  the  growth  of  the  organism  (Table  III). 

Considering  the  minuteness  of  the  quantities  of  hydrochloric  acid 
or  sodium  hydroxide  which  were  added  in  these  experiments,  and  the 
extent  to  which  the  reagents  were  finally  diluted  with  serum  and  dis- 
tilled water,  one  cannot  fail  to  realize  the  great  importance  which 
the  reaction  of  the  culture  medium  must  have  in  relation  to  the  growth 
of  the  organism.  Similar  results  were  obtained  with  the  Japanese 
and  European  strains.  The  first  requisite  to  the  successful  cultiva- 
tion of  Leptospira  icterohcemorrhagice  appears  to  be  an  optimum  re- 
action of  the  culture  medium,  which,  in  my  experience,  lies  between 
a  slight  alkaline  reaction  and  that  resulting  from  subsequent  multiple 
dilutions  with  indifferent  diluents  (distilled  water,  isotonic  salt  solu- 
tion, Ringer's  solution,  etc.). 

A  considerable  fluctuation  was  found  by  titration  of  the  sera  of 
several  domestic  animals.  For  example,  2  cc.  of  the  sera  of  the 
sheep,  donkey,  ox,  and  pig,  each  mixed  with  3  cc.  of  distilled  water, 
required  0.4  cc.  of  0.1  N  hydrochloric  acid  to  bring  about  a  neutral 
reaction,  and  0.6  cc.  to  cause  distinct  acidity  and  turbidity.  Rabbit 
serum  had  a  uniformly  weaker  reaction,  only  0.2  cc.  of  0.1  N  hydro- 
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TABLE  in. 


American  strain  No.  1 

Pb>-sical 
changes. 

Reaction  to 
litmus  paper. 

Result  of  cultivation 
at  30°  C.  for. 

6  da>5. 

18  days. 

Rabbit  serum  1  cc.  +  water  .S  cc 

"          "       1    "  +  1.5     per    cent 

Clear. 

Slight  alka- 
line. 

Slight  alka- 
line. 

+  +  + 
+  +  + 

+  + 
+  +  +  + 

Addition  of  acid. 


Rabbit  serum  1  cc.  +  0.1  N  hydro- 
chloric acid  0.1  cc 


Rabbit  serum  1  cc.  -|-  0.1  N  hydro- 
chloric acid  0.1  cc.  +  1.5  per  cent 
agar  0.5  cc 


Rabbit  serum  1  cc.  +  0.1  N  hydro- 
chloric acid  0.2  cc 


Rabbit  serum  1  cc.  -f  0.1  N  hydro- 
chloric ^cid  0.2  cc.  +  1.5  per  cent 
agar  O.j  cc 


Slight  opal- 
escence. 


Slight  opal- 
escence. 

Many  san- 
dy pre- 
cipitates 
on  wall 
and  bot- 
tom. 


Slight  opal- 
escence. 


Neutral. 


Trace       of 
acid. 


Trace       of 
acid. 


Addition  of  alkali. 


Rabbit  serum  1  cc.  -|-  0.1  N  sodium 
hydroxide  0.1  cc 


Rabbit  serum  1  cc.  -f  0.1  n  sodium 
hydroxide  0.1  cc.  +  1.5  per  cent 
agar  0.5  cc 


Rabbit  serum  1  cc.  +  0.1  N  sodium 
hydroxide  0.2  cc 


Rabbit  serum  1  cc.  +  0.1  N  sodium 
hydroxide  0.2  cc.  +  1.5  per  cent 
agar  0.5  cc 


Distinct    al- 
kaline. 


Distinct  al- 
kaline. 

Stronger  al- 
kaline. 


Stronger  al- 
kaline. 
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chloric  acid  being  required  to  produce  a  neutral,  and  0.35  cc.  an  acid 
reaction.  The  reaction  of  horse  serum  lay  between  that  of  the  rabbit 
and  that  of  the  other  animals.  The  fact  that  some  of  the  latter 
sera  showed  a  better  nutrient  value  in  dilution  may  be  explained  by 
the  reduction  of  native  alkalinity  through  dilution. 

Oxygen  Requirement  of  the  Culture. 

At  the  beginning  of  these  cultivation  experiments,  I  supposed  Lep- 
tospira icterohcemorrhagicB  to  be  an  obligatory  or  facultative  anaerobe, 
because  of  its  great  facility  for  invading  organs  and  multiplying  in 
them.  All  attempts  at  cultivation  failed  as  long  as  cultural  condi- 
tions were  employed  which  were  calculated  to  produce  anaerobiosis. 
The  combination  of  conditions  which  I  designated  as  aerotropic 
anaerobiosis'"  several  years  ago,  and  which  was  successfully  used  for 
the  cultivation  of  the  relapsing  fever  spirochetes,  gave  fairly  good 
results  when  a  suitable  serum  was  used.  But  in  the  tubes  to  which 
a  piece  of  fresh  rabbit  kidney  was  added,  the  cultures  grew  less  lux- 
uriantly and  died  out  sooner  than  in  the  control  tubes  without  the 
tissue.  The  simpHcity  of  the  cultural  requirements  of  this  organism 
was  a  surprise  and  led  to  the  inference  that  the  organism  is  an  aerobe. 
When  a  number  of  subcultures  of  the  Japanese,  European,  and 
American  strains  were  cultivated  at  37°C.  in  an  anaerobic  apparatus 
and  another  set  without  the  exclusion  of  oxygen,  excellent  growth 
took  place  in  all  tubes  where  oxygen  was  accessible,  while  not  a  single 
organism  could  be  found  in  the  tubes  kept  in  an  anaerobic  apparatus. 
The  tubes  were  taken  out  of  the  anaerobic  jar  after  12  days  and  al- 
lowed to  stand  for  several  days  at  37°C.,  but  no  new  culture  devel- 
oped, probably  because  of  the  death  of  the  organism  during  its  stay 
in  the  anaerobic  apparatus.  Leptospira  icteroha:morrhagicB,  there- 
fore, has  been  shown  to  be  an  obligatory  aerobe. 

Detrimental  Conditions  Caused  by  Physical  Hindrances  to  the 
Penetration  oj  Oxygen  into  the  Medium. 

For  obligatory  aerobic  bacteria  a  slant  or  plate  agar  or  broth  should 
be  satisfactory,  because  most  of  this  class  of  organisms  grow  in  more 

'"Noguchi,  The  Harvey  Lectures,  1915-16,  236. 
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or  less  discrete,  often  thick  or  elevated  colonies  on  the  surface  of  a 
solid  medium.  In  broth  the  growth  may  be  diffuse  or  superficial, 
forming  a  pellicle  or  thick  scum.  The  use  of  a  high  layer  agar  or 
gelatin  for  the  cultivation  of  such  organisms  means  a  waste  of  me- 
dium, since  oxygen  cannot  penetrate  the  greater  part  of  it.  Since 
Leptospira  iclerolicEmorrhagicc  is  an  obligatory  aerobe,  it  follows  that  the 
addition  of  solid  substances  such  as  agar  or  gelatin,  which  must  neces- 
sarily interfere  with  the  entrance  of  oxygen  into  the  medium,  will  be 
detrimental  to  the  growth  of  the  organism.  The  denser  the  concen- 
tration of  agar  or  gelatin,  the  narrower  is  the  zone  to  which  oxygen 
can  penetrate.  The  experiment  summarized  in  Table  IV  shows  the 
eilect  of  different  concenti'ations  of  agar  or  gelatin  upon  the  culture. 
The  gelatin  and  agar  were  made  in  a  0.5  per  cent  saline  solution  and 
adjusted  to  a  slightly  alkaline  reaction. 


37°C. 

26'"C. 

4  days. 

7  days. 

28  days. 

4  days. 

7  days. 

28  days. 

Gelatin  (10  per  cent)  4  cc. 

- 

- 

- 

- 

- 

- 

f  Rabbit  serum  1  cc. 
\Gelatin  (10  per  cent)  3  cc. 

+ 

- 

- 

<<  + 

- 

- 

Rabbit  serum  1  cc. 
•  Gelatin  (10  per  cent)  1  cc. 
Ringer's  solution  2  cc. 

+ 

-f-l-  + 

+  +  + 

<-|- 

-1- 

4-t-+ 

Rabbit  serum  1  cc. 
■  Gelatin  (10  per  cent)  0.5  cc. 
Ringer's  solution  2.5  cc. 

+ 

+  +  + 

+  -1-1- 

<-|- 

<-|- 

+  +  + 

Agar  (2  per  cent)  4  cc. 

- 

- 

- 

- 

- 

- 

(Rabbit  serum  1  cc. 
\Agar  (2  per  cent)  3  cc. 

+ 

-1-)- 
-|-t-  +  -|- 

<  + 

<<-|- 

+ 

<<  + 

(Rabbit  serum  1  cc. 
\  Agar  (2  per  cent)  1  cc. 
[  Ringer's  solution  2    " 

+ 

+  -1-I-I- 

-1- 

-l-l- 

++  +  + 

Rabbit  serum  1  cc. 
•  Agar  (2  per  cent)  O.S  cc. 
Ringer's  solution  2.5    " 

+  + 

+  +  +  -I- 

-l-f-f-h 

+ 

-l-i- 

+  +  +  + 
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The  experiment  demonstrates  the  disturbing  effect  of  gelatin  when 
present  in  more  than  7.5  per  cent  and  of  agar  in  more  than  1.5  per 
cent.  Agar,  when  added  in  proportions  of  0.5  per  cent  and  0.25  per 
cent,  considerably  improved  the  cultural  conditions.  In  this  con- 
centration it  does  not  perceptibly  hinder  the  penetration  of  oxygen 
into  the  medium  and  it  offers  to  the  spirochetes  an  ideal  semisolid 
permeable  substance.  In  this  respect  this  particular  culture  medium 
is  even  better  than  a  pure  fluid  medium.  Gelatin,  when  added  in 
proportions  of  2.5  and  1.25  per  cent,  seems  to  have  been  neither 
beneficial  nor  detrimental  to  the  growth  of  the  culture. 

Ordinary  Culture  Media  and  Leptospira  icterohcBmorrhagice. 

It  would  be  an  economic  advantage  if  a  simpler  method  for  the 
cultivation  of  this  spirochete  was  devised.  No  culture  was  obtained, 
however,  with  any  of  the  ordinary  media,  such  as  plain  and  2  per  cent 
glucose  bouillon,  Hiss  serum  water,  litmus  milk,  plain  and  2  per 
cent  glucose  agar,  Loeffler's  serum,  glycerolated  bouillon,  and  agar. 
A  special  bouillon  medium  formulated  by  Dr.  Kligler  was  tried — 1 
per  cent  peptone,  0.5  per  cent  sodium  phosphate,  0.1  per  cent  glu- 
cose, and  0.5  per  cent  sodium  chloride — but  without  success.  The 
presence  of  peptone,  broth,  casein,  glucose,  etc.,  instead  of  having  a 
nutrient  value  for  Leptospira  icterohanwrrhagicB  in  a  suitable  medium 
such  as  one  containing  the  necessary  amount  of  rabbit  serum,  seems 
to  have  a  definite  unfavorable  influence  upon  the  culture.  The  ad- 
dition of  a  10  per  cent  neutral  solution  of  peptone  4.5  cc,  to  rabbit 
serum  1.5  cc,  rendered  the  mixture  unsuitable  for  a  culture  medium, 
as  is  not  the  case  with  indifferent  diluents  such  as  Ringer's  solution, 
distilled  water,  or  isotonic  salt  solution.  Even  the  addition  of  ap- 
proximately 1.5  per  cent  peptone  suppressed  growth  to  a  marked 
degree.  Bouillon  or  glucose  bouillon  are  not  good  diluents  for  making 
up  a  culture  medium  for  this  organism. 

Addition  of  Carbohydrates  to  Culture  Media. 

Akatsu,'!  while  working  in  my  laboratory,  studied  the  action  of 
various  spirochetes  upon  many  carbohydrates,  but  he  did  not  find 

"  Akatsu,  S.,  /.  Exp.  Med.,  1917,  xxv,  375 
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definite  fermentation  phenomena  in  any  of  the  organisms  examined. 
With  Trepoite»ia  mucosum  and  Treponema  microdeniium  a  definite  in- 
crease in  the  amount  of  acid  was  noticed.  In  the  present  experiment, 
the  Japanese  strain  of  Leptospira  iclerohamorrhagia  was  cultivated 
in  two  sets  of  media  of  fourteen  tubes  each.  In  one  set  the  media 
were  made  up  of  1.5  cc.  of  rabbit  serum,  1  cc.  of  a  10  per  cent  solution 
of  carbohydrate,  previously  sterilized  by  filtration,  2.5  cc.  of  Ringer's 
solution,  and  1  cc.  of  citrate  plasma  of  the  rabbit.  In  the  other  set  1 
cc.  of  2  per  cent  agar  (melted)  was  used  instead  of  the  citrate  plasma. 
The  fourteen  carbohydrates  used  in  both  sets  were  glucose,  lactose, 
maltose,  levulose,  galactose,  saccharose,  dextrin,  inulin,  mannite, 
dulcite,  isodulcite,  arabinose,  raffinose,  and  salicin.  Tubes  without 
carbohydrate  and  tubes  also  which  were  not  inoculated  with  culture 
were  used  as  controls. 

The  new  generation  of  the  culture  became  recognizable  within  a 
fortnight  at  29°C.  by  the  hazy  layer  at  the  top  of  the  columns  of 
culture  media.  The  haze  extended  downwards  from  the  surface  to 
a  depth  of  1  to  1.5  cm.  By  examination  under  the  dark-field  micro- 
scope, the  haze  was  found  to  represent  dense  diffuse  colonies  of  ac- 
tively multiplying  spirochetes.  The  appearance  of  the  haze  was  the 
same  in  the  tubes  containing  the  various  carbohydrates  as  in  the 
sugar-free  control  tubes.  In  the  set  where  1  per  cent  citrate  plasma 
was  used  to  form  loose  fibrin,  the  haze  was  less  distinct  but  extended 
as  far  as  3  or  4  cm.  below  the  surface,  and  the  lower  border  was  not 
sharply  outlined  as  in  the  media  with  semisolid  agar.  The  viability 
of  the  spirochetes  was  as  great  in  the  media  containing  carbohy- 
drates as  in  those  without  carbohydrates.  The  reaction  of  the  cul- 
tures failed  to  indicate  any  attack  by  the  organism  upon  the  carbo- 
hydrates. The  reaction  remained  slightly  alkaline  to  litmus  paper 
as  before  cultivation,  and  was  entirely  comparable  with  the  reaction 
in  the  spirochete-free  controls. 

Special  attention  was  given  to  the  detection  of  possible  morpho- 
logical modifications  in  the  organisms  grown  in  the  presence  of  the 
carbohydrates,  but  none  was  recognized. 
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Influence  of  Temperature  upon  Cultivation. 

Inada  and  his  coworkers-  found  that  Leptospira  icterohamorrhagice 
grows  very  well  at  room  temperature,  as  it  does  at  any  temperature  up 
to  37°C.,  but  that  at  lower  temperatures  (20-25°C.)  the  organism 
survives  longer  than  at  37°C. 

I  have  cultivated  three  different  strains  of  the  spirochete  at  differ- 
ent temperatures.  The  results,  as  recorded  in  Table  V,  are  self- 
explanatory.  The  media  used  consisted  of  rabbit  serum  1  cc.  -|- 
Ringer's  solution  3  cc.  -t-  citrate  plasma  1  cc.  or  1.5  per  cent  agar  1 


42°C. 

37°C. 

30°C. 

25°C. 

io°c. 

strains. 

*a 

-n 

-a 

z 

>, 

■d 

>. 

1 

Japanese. 
Plasma. 
Agar. 

+++ 

-I-++-1- 
-)-i-i-i- 

+  -I-  + 

-f-l-l-+ 

+  +  +  + 
+ 

-I-+ 
<+ 

-l-f-+-l- 

4- 

4-4- 
<4- 

European. 
Plasma. 
Agar. 

-f-f 
++ 

+-t-f- 

+  -I- 

+  -h-l-)- 

-n-i-i- 

+ 

4- 

+  + 

4- 
<<4- 

- 

American 
No.  1. 
Plasma. 
Agar. 

++ 

-H-+ 
4-f-l- 

+  + 

+ 
+  4- 

+  +  + 

4-  +  + 
-h4- 

+  + 
4- 

The  abihty  of  the  organism  to  multiply  and  remain  active  a  long 
time  at  10°C.  is  interesting  from  the  epidemiological  standpoint. 
It  suggests  that  certain  insects  might  serve  as  reservoirs  of  the 
virus. 


Culture  Media  Recommended  for  Leptospira  icterohamorrhagiw. 

As  a  result  of  the  experiments  recorded  on  the  relative  nutrient 
value  of  various  sera,  the  influence  of  reaction,  o.xygen  tension,  dilu- 
ents, salts,  and  various  other  substances,  I  have  formulated  the  fol- 
lowing media: 


606  CULTURAL   CONDITIONS   OF    LEPTOSPIRA 

A.  Rabbit  serum 1.5  parts. 

Ringer's  solution 4.5     " 

Citrate  plasma 1 . 0  part. 

Paraffin  oil  to  cover  the  surface. 

B.  Rabbit  serum 1.5  parts. 

Ringer's  solution 4.5      " 

2  per  cent  agar 1.0  part. 

Paraffin  oil  to  cover  the  surface. 

C.  Rabbit  serum 1.5  parts.  I 

Ringer's  solution 4.5     "        }  Semisolid  portion. 

2  per  cent  agar 1 . 0  part.    J 

After  solidification  add: 

Rabbit  serum 1 . 5  parts.  \  , 

Ringer's  solution 4.5     "      / 

Paraffin  oil  to  cover  the  surface. 


Fluid  portion. 


Growth  usually  begins  much  sooner  in  Medium  A  than  in  Medium 
B,  but  after  a  month  more  spirochetes  will  be  found  in  B.  For  keep- 
ing up  subcultures  of  various  strains,  Media  A  and  B  were  simul- 
taneously used  in  small  test-tubes  each  containing  7  cc.  of  the 
composite  medium. 

For  obtaining  a  large  amount  of  culture,  long  necked  flasks  of 
medium  capacity  (50  to  100  cc.)  were  used.  It  was  found  best  to 
fill  the  flasks  with  the  medium  to  one-half  or  one-third  their  capacity 
and  then  to  cover  the  surface  with  a  very  thin  layer  of  paraffin  oil.  If 
the  flasks  are  filled  higher  than  this,  o.xygen  becomes  less  accessible 
to  the  deeper  part  of  the  medium,  especially  when  it  contains  agar. 
The  use  of  a  low  layer  semifluid  medium  (B)  is  based  upon  the  fact, 
previously  mentioned,  that  unrestricted  multiplication  of  Leptospira 
icterohcBmorrhagia  takes  place  in  such  a  medium  on  the  surface  stra- 
tum of  1  to  2  cm.  Medium  A  is  similarly  semifluid,  but  the  fibrin 
mass  loosens  and  breaks  up  in  time,  especially  by  repeated  withdrawal 
of  the  culture  with  pipettes,  rendering  the  penetration  of  o.xygen  almost 
as  easy  as  in  a  fluid  medium.  The  flasks  containing  Medium  A  may 
therefore  be  filled  half  or  two-thirds  full,  with  a  thin  layer  of  paraffin 
oU. 

Medium  C  seems  to  combine  the  advantages  of  Media  A  and  B,  the 
lower  stratum  being  composed  of  Medium  B,  upon  which,  after 
solidification,  is  superimposed  a  mixture  of  rabbit  serum  and  Ringer's 
solution  (1:3).  The  medium  is  then  inoculated  and  covered  with 
a  thin  layer  of  paraffin  oil.     For  subcultures,  0.1  or  0.2  cc.  of  a  vig- 
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orously  growing  culture  is  pipetted  on  the  surface  of  new  culture 
media  and  then  covered  with  paraffin  oil. 

D  is  a  medium  for  acclimated  strains.  A  fluid  medium  consisting 
of  1  part  of  horse  or  sheep  serum  and  3  parts  of  Ringer's  solution  or 
salt  solution  proved  to  be  fairly  suitable  for  strains  which  had  become 
accustomed  to  the  various  media  (A,  B,  C)  during  a  period  of 
several  months. 

SUMMARY    AND    CONCLUSIONS. 

1 .  The  presence  of  suitable  animal  or  human  serum  is  essential  for 
the  cultivation  of  Leptospira  icterohanwrrhagm . 

2.  The  nutrient  value  of  serum  is  considerably  reduced  by  heating 
to  60°C.  for  30  minutes  and  is  destroyed  by  boiling  (10G°C).  Fil- 
tration through  a  Berkefeld  filter  does  not  diminish  the  nutrient 
value  of  the  serum. 

3.  The  cultural  value  of  different  animal  sera  varies  considerably. 
It  is  entirely  absent  from  the  sera  of  the  rat  and  the  pig.  The  sera 
of  the  rabbit,  horse,  and  goat  are  better  suited  for  the  growth  of  the 
organism  than  those  of  the  guinea  pig,  sheep,  donkey,  or  calf.  Human 
serum  is  suitable,  but  not  ascitic  fluid. 

4.  Fresh  or  heated  emulsions  of  the  liver,  kidney,  heart  muscle, 
or  testicle  of  the  normal  guinea  pig  or  rabbit  have  no  cultural  value 
for  the  organism.  The  same  may  be  said  of  both  the  white  and 
yolk  of  the  hen's  egg. 

5.  A  luxuriant  growth  takes  place  in  a  medium  of  Ringer's  solu- 
tion to  which  more  than  10  per  cent  of  normal  rabbit  serum  is  added. 
There  is  only  moderate  growth  with  5  per  cent  of  serum,  and  none 
when  less  than  2  per  cent  is  present.  The  use  of  an  undiluted  serum 
offers  no  advantage  over  a  diluted  one,  provided  the  latter  contains 
at  least  10  per  cent  of  serum.  In  the  case  of  certain  animal  sera  dilu- 
tion seems  to  make  them  more  suitable  for  cultivation  purposes,  owing 
perhaps  to  its  reduction  of  their  inherent  alkalinity. 

6.  The  tonicity  of  the  culture  medium  has  but  little  influence  upon 
the  growth  and  morphology  of  the  organism.  A  medium  containing 
distilled  water  as  diluent  or  one  containing  8  per  cent  sodium  chloride 
seems  to  give  identical  results.     The  viability  of  the  organism  was 
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greatest  in  a  medium  in  wliich  Ringer's  solution  or  isotonic  salt  solu- 
tion was  used  as  diluent. 

7.  The  reaction  of  the  medium  is  an  important  factor  in  the  cul- 
tivation of  the  organism,  which  thrives  most  vigorously  in  a  medium 
of  which  the  reaction  is  slightly  alkaline,  not  exceeding  that  of  the 
serum.  If  the  reaction  is  neutral,  the  growth  is  meager,  and  the 
culture  is  short  lived.  When  the  reaction  of  a  medium  becomes  alka- 
line by  the  addition  of  a  small  amount  of  sodium  hydroxide,  or  faintly 
acid  by  the  addition  of  a  little  hydrochloric  acid,  no  growth  can  take 
place. 

8.  Leptospira  icterohcBmorrhagice  is  an  obligatory  aerobe.  Any 
hindrance  to  the  access  of  oxygen  constitutes  an  unfavorable  factor  in 
obtaining  a  culture. 

9.  The  addition  of  carbohydrates  to  media  has  no  perceptible  effect 
upon  the  growth  or  morphology  of  the  organism.  The  reaction  of  the 
media  is  not  modified  by  their  presence. 

10.  Leptospira  iclerohcBtnorrhagicE  grows  at  any  temperature  be- 
tween Zl'^  and  10°C.,  the  optimum  zone  being  30-37°C.  Growth 
proceeds  more  rapidly  at  37°C.  than  at  30°  or  at  25°,  but  the  cultures 
remain  viable  much  longer  at  the  latter  temperatures.  No  growth 
takes  place  at  42°C. 

11.  Three  diiTerent  media  are  described  for  the  cultivation  of  freshly 
isolated  strains.  After  prolonged  cultivation  on  these  media  a  strain 
may  be  readily  cultivated  in  a  serum  diluted  with  Ringer's  or  isotonic 
salt  solution. 


THE  SURVIVAL  OF  LEPTOSPIRA  (SPIROCH.^TA)  ICTERO- 

H.EMORRHAGL>E     IN     NATURE;     OBSERVATIONS 

CONCERNING  MICROCHEMICAL  REACTIONS 

AND   INTERMEDIARY  HOSTS. 

By  HIDEYO  NOGUCHI,  M.D. 

(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  February  27,  1918.) 

A  solution  of  the  question  of  the  survival  of  Leptospira  icterohce- 
morrhagice  in  nature  may  be  brought  about  (1)  by  following  up  di- 
rectly the  actual  conditions  to  which  the  spirochetes  cast  off  by  the 
hosts  or  artificially  mixed  with  urine  or  feces  will  have  to  submit,  or 
(2)  by  mixing  the  spirochetes  with  each  in  turn  of  the  various  bacteria 
commonly  encountered  in  feces,  sewage,  or  soil,  and  then  determining 
the  results  of  their  simultaneous  existence  in  the  same  media. 
As  I  shall  show,  the  spirochete  of  infectious  jaundice  is  a  very  deli- 
cate organism  and  is  rapidly  overwhelmed  by  most  of  the  bacteria 
from  intestinal  contents,  sewage,  or  soil. 

Urine  in  Relation  to  Leptospira  i-cterohcefnorrJiagia. 

The  effect  of  urine  upon  the  viability  of  Leptospira  icterohcrmor- 
rkagicB  is  of  practical  importance,  since  it  has  been  found  by  previous 
investigators^'  -•  ^  that  the  urine  of  about  77  per  cent  of  the  patients  re- 
covering from  infectious  jaundice  still  contains  the  spirochete  after 
a  period  of  2  to  5  weeks.  They  made  the  interesting  observation  that 
two-thirds  of  the  positive  urines,  some  containing  numerous  spiro- 
chetes, failed  to  produce  the  infection  in  guinea  pigs.  Since  the  urines 
came  from  cases  of  15  days'  standing  or  longer,  the  fact  may  be  ex- 

'  Ido,  Y.,  Hoki,  R.,  Ito,  H.,  and  Wani,  H.,  /.  Exp.  Med.,  1917,  xxvi,  341. 
^  Gamier,  M.,  and  Reilly,  J.,  Compt.  rend.  Soc.  hiol.,  1917,  Ixx.x,  38. 
'  Cappellani,  S.,  and  Frugoni,  C,  Sperimentale,  1917,  Ixxi,  335. 
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plained  by  an  attenuation  in  virulence  of  the  organism  during  the 
course  of  the  disease.  I  have  seen  one  case  in  which  the  urine  was 
still  infective  for  guinea  pigs  1  month  after  the  onset  of  the  disease. 

In  one  series  of  experiments  a  sample  of  urine  freshly  collected  from 
a  healthy  individual,  who  had  no  history  of  ever  having  had  jaundice, 
was  tested  for  its  action  upon  the  spirochetes.     10  cc.  amounts  of 


changes  in 

appearance  and 

reaction. 

0.2  cc.  of  a  well  growing  cul- 
ture of  American    strain 
No.    1     inoculated     into 
tubes  containing. 

Leptospira  icterohamorrhagics  introduced  into. 

Fluid 

indicated 

6cc. 

Fluid  indicated 
3.S  cc.  -1-  rab- 
bit serum  1.5 
cc.  +  citrate 
plasma  1  cc. 

24 
hrs. 

48 
his. 

24 
hrs. 

48 
hrs. 

3 
days. 

Clear,    strongly 
acid. 

Clear,  neutral. 

Precipitate    +, 
slightly  alka- 
line. 

Precipitate  +  +  , 
moderately 
alkaline. 

Precipitate 
+  +  +  , 
markedly    al- 
kaline. 

<  + 

<  + 

<  + 

- 

+ 

+  + 
+  + 

+ 

+ 

+  + 
+  + 

+ 

<-  + 

Urine  10  cc.  +  0.1  n  sodium  hydroxide  0.1 

+ 

+ 

<  + 

Urine  10  cc.  +  0.1  x  sodium  hydroxide  0.2 

Urine  10  cc.  +  0.1  N  sodium  hydroxide  0  4 

Urine  10  cc.  +  0.1  N  sodium  hydroxide  0.8 

the  urine,  which  was  strongly  acid  and  had  a  titer  such  that  10  cc.  of 
it  required  7  cc.  of  0.1  N  sodium  hydroxide  to  become  moderately 
alkaline,  were  measured  into  a  number  of  test-tubes,  to  each  of  which 
was  added  normal  sodium  hydroxide  solution,  the  quantities  added 
varying  in  each  case  in  order  to  obtain  a  series  of  reactions  from  the 
original  acidity  of  the  specimen  to  a  markedly  alkaline  reaction. 
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Cultures  were  set  up  in  two  parallel  series,  using  in  each  series  the 
original  and  partially  neutralized  portions  of  the  urine,  but  adding  to 
one  series  suitable  amounts  of  rabbit  serum  and  citrate  plasma.  Table 
I  summarizes  the  results. 

As  the  table  shows,  the  jaundice  spirochetes  survived  at  least  24 
hours  in  the  portion  of  urine  to  which  a  quantity  of  from  0.1  to  0.4 
cc.  of  normal  sodium  hydroxide  solution  had  been  added,  but  no 
trace  of  them  could  be  found  in  the  original  urine  or  in  that  receiving 
0.8  cc.  of  the  alkali.  In  plain  Ringer's  solution  alone  the  organism 
lived  24  hours  under  similar  conditions.  After  48  hours  there  were 
no  spirochetes  in  any  of  the  tubes  of  the  first  series. 

The  results  obtained  with  the  urine  containing  rabbit  serum 
and  citrate  plasma  were  different  from  those  of  the  other  series. 
There  was  a  good  growth  in  all  the  tubes  containing  the  unalkalized 
urine,  and  also  in  those  to  which  had  been  added  from  0.1  to  0.4  cc. 
of  normal  sodium  hydroxide  solution.  The  growth  was  better  and 
lasted  longer  in  the  tubes  in  which  the  urine  showed  a  neutral  or 
slight^  alkahne  reaction  than  in  the  unmodified  or  more  strongly 
alkalized  urines.  There  was  no  growth  in  the  tube  to  which  0.8  cc. 
of  the  normal  sodium  hydroxide  had  been  added.  While  there  was 
unmistakable  growth  in  the  urine  media  with  rabbit  serum  and  citrate 
plasma,  the  organisms  were  viable  for  only  1  week  at  the  longest. 
The  presence  of  the  urine  apparently  reduces  very  much  the  nutrient 
value  of  the  rabbit  serum  and  citrate  plasma,  as  is  shown  by  the  fact 
that  the  use  of  Ringer's  solution  instead  of  urine  enables  the  spiro- 
chetes to  multiply  progressively  for  at  least  3  weeks.  Not  only  is 
the  urine  devoid  of  cultural  value  for  the  organism,  but  its  presence 
in  an  otherwise  suitable  medium  renders  the  latter  less  suitable  for 
the  growth  of  the  organism. 

Feces  in  Relation  to  Leptospira  iclerohcemorrhagia. 

The  escape  in  feces  of  living  Leptospira  icteroJurmorrhagicB  from 
ex-perimentally  infected  guinea  pigs  seems  to  be  rather  frequent. 
Ido  and  his  coworkers,'  for  example,  succeeded  in  producing  typical 
spirochetosis  in  seven  out  of  eleven  animals  tested  with  a  correspond- 
ing number  of  specimens  of  feces;  yet  in  spite  of  this  high  percentage  of 
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positive  results,  it  was  by  no  means  easy  to  demonstrate  the  presence 
of  the  spirochetes  in  feces  with  the  dark-field  microscope,  the  organ- 
ism being  found  only  once  in  the  stools  from  60  guinea  pigs  having 
spirochetosis.  The  specimens  of  feces  which  were  infective  usually 
contained  erythrocytes.  In  human  cases  one  specimen  of  feces  out 
of  seven  was  found  to  be  infective. 

There  is  apparently  a  possibility,  then,  that  the  spirochetes  are 
excreted  from  patients  in  the  feces.  To  determine  the  viability  of 
the  spirochetes  under  these  conditions,  a  series  of  experiments  was 
performed  in  which  they  were  added  in  large  quantities  to  feces, 
both  with  and  without  a  simultaneous  addition  of  blood  ingredients. 
Two  specimens  of  feces  from  normal  individuals  were  used,  and  two 
from  cases  of  jaundice  in  children,  with  the  characteristic  clay  color. 
Each  specimen  was  used  in  three  ways:  (1)  as  a  moderately  thick 
emulsion  (1:10)  in  Ringer's  solution,  without  sterilization;  (2)  the 
same  sterilized  by  autoclave;  (3)  a  Berkefeld  V  iiltrate  of  a  dilute 
fecal  emulsion  (1 :  100).  Two  sets  of  tubes  were  set  up,  each  contain- 
ing 5  cc.  of  one  of  the  variously  prepared  suspensions.  To  each  of 
the  tubes  of  one  set  were  added  a  few  drops  of  defibrinated  blood  and 

1  cc.  of  serum  from  a  nonnal  rabbit,  and  to  all  the  tubes  were  added 

2  cc.  of  a  richly  growing  culture  of  either  the  American  or  the  Euro- 
pean strain  of  the  organism.  Both  sets  of  tubes  were  then  placed 
at  a  temperature  of  26°C. 

The  fate  of  the  spirochetes  under  these  conditions  was  followed 
daily  by  direct  microscopic  examination  and  indirectly  by  inocula- 
tion tests  on  guinea  pigs.  Table  II  summarizes  the  results  obtained 
with  the  European  strain.  The  results  with  the  American  strain 
were  practically  identical  and  are  consequently  not  recorded  here. 

As  is  apparent  from  the  table,  the  spirochete  cannot  survive  in  a 
fecal  emulsion,  even  when  there  are  present  sufficient  nutrient  ele- 
ments, longer  than  24  hours  at  a  temperature  of  26°C.  That  this 
fact  is  due  to  the  simultaneous  presence  of  various  bacteria,  which 
rapidly  overgrow  the  delicate  spirochetes  and  deprive  them  of  the 
necessary  nutrient  substances,  is  inferred  from  the  much  longer  sur- 
vival of  the  spirochetes  in  the  tubes  containing  the  sterilized  emulsion, 
particularly  in  those  to  which  were  added  the  blood  and  serum.  In 
the  latter  tubes,  in  fact,  there  was  a  temporary  multiplication  of  the 
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organisms  lasting  several  days.  In  the  tubes  containing  a  dilute, 
sterile,  fecal  filtrate,  the  spirochetes  survived  at  least  4  days,  and  the 
addition  of  blood  and  serum  caused  the  filtrate  to  become  a  suitable 
culture  medium,  if  not  equally  as  good  as  Ringer's  or  saline  solution. 
Inoculations  made  with  the  mixtures  of  the  non-sterUized  fecal  emul- 
sions, with  and  without  the  blood  and  serum  and  the  spirochetes, 
applied  to  the  scarified  skin  of  guinea  pigs,  were  all  negative.  Where 
there  was  an  actual  multiphcation  or  survival  of  the  organism,  as  in 
the  case  of  sterile  suspensions  or  filtrates,  with  or  without  the  addi- 
tion of  blood,  the  animal  inoculations  were  positive. 

Judging  from  the  foregoing  experiments,  it  seems  highly  improb- 
able that,  under  natural  conditions,  the  causative  agent  of  ictero- 
hemorrhagic  spirochetosis  survives  for  any  length  of  time  after  it 
has  left  the  human  body  in  the  feces.  It  is  probably  rapidly  de- 
stroyed by  the  common  bacterial  flora  of  the  intestinal  tract. 

Polluted  Water  and  Soil  in  Relation  to  Leptospira  icterokcemorrhagice. 

Samples  of  water  were  collected  from  the  East  River  (a.  tidal  river), 
from  sewage,  and  from  a  stagnant  cesspool  in  New  York  City.  It 
is  needless  to  say  that  such  water  is  highly  contaminated  with  various 
bacteria.  In  one  series  of  experiments  the  water  was  used  as  it 
was,  in  another  it  was  autoclaved  in  order  to  destroy  contaminating 
bacteria,  and  in  another  it  was  filtered.  An  emulsion  of  freshly  ex- 
creted horse  stool  was  used  in  one  series.  The  experimental  data  are 
given  in  Table  III. 

The  results  show  that  the  spirochetes  are  not  capable  of  multiply- 
ing or  even  of  surviving  for  any  length  of  time  in  these  contaminated 
waters.  They  invariably  disappeared  in  48  hours.  Even  when  the 
contaminating  bacteria  were  removed  by  autoclaving  or  filtration 
and  rabbit  serum  was  added,  only  indifferent  media  resulted,  and 
without  the  addition  of  an  adequate  amount  of  a  suitable  nutrient 
medium  (rabbit  serum  in  this  experiment)  no  culture  could  be 
obtained. 

The  question  of-  how  long  a  rich  culture  of  the  spirochetes  will 
remain  viable  when  mixed  with  distilled  water  and  left  unprotected 
from  dust  in  a  room  was  next  determined.  A  Flanders  strain,  having 
grown  luxuriantly  in  rabbit  serum.  Ringer's  solution,  and  agar  mix- 
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TABLE    m. 


Leptospira  icterohamorrhagia  introduced  into. 

Growth 
of 
bac- 
teria. 

Growth 
of 
spiro- 
chetes. 

Survival  of 
spirochetes. 

Ringer's  solution  4.5  cc.  +  rabbit  serum  1.5  cc.  (control).. 

+++ 
+++ 

+  +  + 

+ 

Many  wks. 

"      "          "              "          4.5  cc.  +  rabbit  serum  1.5 

+++ 
+++ 

+  +  + 

"          "            "           4.5  cc.  H- rabbit  serum  1.5  CO..  . 

Many  wks. 

+++ 
+++ 

+  +  + 

"           "             "        4.5  cc.  -f  rabbit  serum  1.5  cc. 

Many  wks. 

+++ 
+++ 

+  (?) 

"        "            "         4.5  cc.  +  rabbit  serum  1.5  cc 

"        "            "                "          4.5  cc.  +  rabbit  serum 
1.5  cc 

Accidentally 
contami- 
nated. 

- 

+  + 

wks. 

ture  for  22  days,  was  placed  in  distilled  water  (ten  times  the  volume 
of  the  culture)  and  then  allowed  to  stand  in  the  laboratory  without 
being  covered.  The  distilled  water  was  not  sterile,  but  contained 
a  few  large  motile  bacilli.     The  results  were  as  follows: 

24  hrs:    Spirochetes  +  +  +  ;  active  and  long;  numerous  motile  bacilli;   fluid  slightly 

opalescent. 
48  hrs.:  Spirochetes      +  +  +  !  active;  more  bacilli. 


3  days:         ' 

++; 

"       "       " 

4    « 

+; 

"      probably  more  bacilli 

5    " 

+; 

many  immobile;     "         " 

6    " 

<+; 

nearly  all  dead. 

7    " 

'          — . 
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The  spirochetes  remained  active  and  numerous  for  48  hours,  but 
all  of  them  gradually  disappeared  within  a  week.  A  drinking  water, 
therefore,  richly  contaminated  with  spirochetes,  will  not  be  infectious 
longer  than  a  week. 

Samples  of  soil  were  collected  from  several  locahties  in  and  about 
New  York  City  for  use  in  an  experiment  performed  to  ascertain  how 
long  soil  will  harbor  spirochetes  under  experimental  conditions.  The 
samples  were  rich  in  organic  matter  and  some  came  directly  from 
fertihzed  ground.  They  were  all  neutral  in  reaction.  One  specimen 
of  soil  was  obtained  from  a  deeper  stratum  than  the  others  and  was 
yellowish  gray  in  color.  All  were  purposely  contaminated  with  the 
spirochetes  and  determinations  of  their  continued  presence  in  it  made 
daily.  No  spirochetes  could  be  detected  after  72  hours,  while  there 
was  always  an  abundance  of  bacteria.  The  spirochetes  seem  to  be 
rapidly  overgrown  by  the  contaminating  bacteria. 

J       Various  Bacteria  in  Relation  to  Leptospira  icterohcEmorrhagicE. 

When  the  spirochetes  are  excreted  from  the  infected  host,  either  in 
the  feces  or  in  the  urine,  their  immediate  fate  will  depend  upon  the 
presence  of  various  putrefactive  bacteria  which  are  always  found  in 
the  soil  in  which  the  feces  or  urine  is  deposited.  Today  we  know  all 
of  the  more  common  varieties  of  bacteria  that  inhabit  the  intestinal 
tract  or  that  may  be  found  in  unclean  objects  or  soil.  There  are,  of 
course,  a  great  number  of  anaerobes  as  well  as  aerobes,  but  since  the 
spirochete  in  question  is  an  obligatory  aerobe,""  the  study  of  the  rela- 
tion of  the  bacteria  to  it  becomes  much  simpler.  We  have,  there- 
fore, to  direct  our  attention  only  to  the  part  played  by  aerobic  bac- 
teria under  natural  conditions. 

There  are  many  ways  of  conducting  such  a  study,  but  I  have  chosen 
an  indirect  one;  namely,  that  of  observing  the  effect  of  the  simultane- 
ous presence  of  the  spirochete  in  question  and  each  in  turn  of  those 
bacteria  which  are  likely  to  coexist  with  it  at  the  moment  when  the 
infected  feces,  urine,  or  dead  rodent  becomes  subject  to  the  decom- 
posing forces  of  the  organic  world. 

A  number  of  culture  tubes  containing  media  suitable  for  the  growth 

*  Noguchi,  H.,  /.  Exp.  Med.,  1918,  x.wii,  593. 
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of  spirochetes  was  prepared,  and  all  were  inoculated  with  the  organism. 
The  tubes  were  then  inoculated  with  various  bacteria  and  olaced  in  a 


Control  without  bacteria 

B.Jacalis  alkaligenes 

B.  aerogenes 

B.  cloaca 

B.  coli 

B.  dysenteria  Shiga 

B.         "         Flexner-Harris 

B.  typhosus 

B.  paralyphosus  A 

B.  "  B 

B.  prodigiosus 

B.  protcus  vulgaris 

B.  pyocyaneus 

B.  suipeslijer 

B.  suicidus 

B.  subtilis 

B.  meseniericus 

B.  xerosis 

B.  sp.?  large,  motile,  chromogenous 

Streptococcus  Pr 

"  Brown  F  17 

"       Al 

"       C2 

"       W18 

"       K  4 

"       S6 

"       H6 

Pneumococcus  T>'pe     I 

"      II 

"     III 

"      IV 

Streptococcus  aureus 

"  albus 


Growth 
of 
bac- 
teria. 

Growth 

of 
spu-o- 
chetes. 

- 

+  +  + 

+ 

+  +  + 

+  + 

— 

+  + 

— 

+  + 

— 

+ 

<  + 

<  + 

+ 

<  + 

<  + 

+  + 

— 

+  + 

— 

+  + 

— 

+  + 

— 

+  + 

— 

+  + 

— 

+  + 

— 

+  + 

— 

+ 

— 

+ 

— 

+ 

+  + 

<  + 

+  + 

+  + 

— 

± 

+  + 

+ 

+  + 

+  + 

<  + 

+  + 

+  + 

+  + 

<  + 

+ 

— 

+  + 

<  + 

+  + 

+ 

<  + 

+ 

+  + 

+ 

+  + 

+ 

Survival  of 
spirochetes. 


Many  wks. 
12  days. 
48  hrs. 
24  " 
24  " 


48  " 
24  " 
24  " 
24  " 
24  " 
24  " 
24  " 
24  " 
24  " 
24  " 
24  " 

4  days. 

5  " 
24  hrs. 

5  days. 
8  " 
3  " 

5  " 

6  " 
24  hrs. 

3  days. 
24  hrs. 

3  days. 
24  hrs. 
48  " 


Remarks  as 
hemolysis  i 


+ 

<  + 

<  + 


<  + 

<  + 


<+  slowly. 


thermostat  at  the  temperature  of  26°C.  The  culture  media  consisted 
of  1.5  cc.  of  rabbit  serum,  4.5  cc.  of  Ringer's  solution,  1  cc.  of  citrate 
plasma,  and  1  drop  of  defibrinated  rabbit  blood.    Observations  were 
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made  of  the  growth,  survival,  or  disappearance  of  the  spirochetes,  the 
growth  of  the  bacteria,  and  the  presence  or  absence  of  hemolysis  in 
the  cultures.  The  results  obtained  during  a  period  of  2  weeks  are 
recorded  in  Table  IV. 

It  is  apparent  from  the  recorded  observations  that  the  more  vigor- 
ous the  growth  of  a  bacterium,  the  less  is  the  possibilit}^  that  the  spiro- 
chetes in  the  same  medium  will  multiply.  The  longest  period  of  sur- 
vival of  the  spirochetes,  except  in  the  control  tubes,  was  observed  in 
the  media  simultaneously  inoculated  with  Bacillus  facalis  alkaligenes. 
Certain  strains  of  streptococci,  notably  the  non-hemolytic  types, 
seem  not  to  have  interfered  for  a  certain  period,  after  which,  however, 
the  spirochetes  rapidly  disappeared  from  the  culture.  In  the  pres- 
ence of  most  of  the  intestinal  bacteria,  such  as  Bacillus  coll,  Bacillus 
aerogenes,  Bacillus  cloaca,  etc.,  the  spirochetes  were  not  only  unable  to 
multiply  but  were  rapidly  destroyed  within  24  hours.  It  may  be 
added  that  no  growth  of  the  spirochetes  took  place  in  ordinary  bouil- 
lon, either  with  or  without  the  simultaneous  inoculation  of  the  bac- 
teria just  enumerated.     The  bacteria  grew  vigorously  in  the  bouillon. 

Microchemical  Reactions. 

The  resistance  of  various  spiral  organisms  to  the  solvent  action  of 
bile,  bile  salts,  saponin,  and  sodium  oleate  has  been  a  subject  of 
study  for  many  years,  and  it  was  once  thought  to  differentiate  the 
protozoa  from  the  bacteria.  Although  this  view  is  no  longer  valid, 
because  some  bacteria  have  been  found  to  act  like  protozoa  and  vice 
versa,  the  fact  is  of  sufScient  interest  to  make  worth  while  a  determina- 
tion of  the  resistance  of  the  present  organism  to  these  reagents  (Table 
V).       _     . 

The  jaundice  spirochetes  appear  to  be  highly  sensitive  to  the  de- 
structive action  of  the  bile^  and  bile  salts  when  employed  in  concen- 
trations of  1 :  30  or  more,  while  saponin  exhibited  no  injurious  effect 
upon  them,  even  when  used  in  as  high  a  concentration  as  10  per 
cent.  The  action  of  sodium  oleate  was  stronger  than  that  of  the 
bile  or  bile  salts  and  produced  a  granular  disintegration  of  the  organ- 
ism in  a  dilution  of  1:  10,000.     Among  the  organisms  which  under- 

'  Gamier,  M.,  and  Reilly,  J.,  Compt.  rend.  Soc.  biol.,  1917,  Lxxx,  41. 
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went  this  disintegration,  however,  was  a  number  of  actively  motile, 
apparently  intact  organisms. 

The  destructive  action  of  the  rabbit  bile  as  well  as  of  the  bile 
salts  and  sodium  oleate  was  considerably  reduced  by  the  addition  of 
serum,  as  shown  in  Table  VI. 

Ido  and  his  coworkers^  observed  that  in  spite  of  the  difficult}' 
of  finding  spirochetes  in  the  bile  when  it  was  examined  under 
the  dark-field  microscope,  two  out  of  three  specimens  of  the  bile  of 
guinea  pigs  dying  of  experimental  spirochetosis  icterohcemorrhagica 
were  capable  of  producing  typical  infection  in  the  guinea  pig.     This 


Leptospira 
icterohizmorrhagiiz 
introduced  into. 

10  per  cent  rabbit 

bile  1  cc.  -t-  culture 

Ice. 

10  per  cent  sodium 

taurocholate  1  cc. 

+  culture  1  cc. 

10  per  cent  sodium 
oleate  1  cc.  + 
culture  1  cc. 

0  -1-  culture  1  cc. 

Rabbit  serum  0.5 

No  apparent  ef- 

Nearly  all   ac- 

Nearly  all   ac- 

All motile. 

cc. 

fect.    All  ac- 
tive. 

tive. 

tive. 

60  per  cent  rabbit 

Many    gone, 

Many  dead  and 

Many  active. 

" 

serum  0.5  cc. 

some  motOe. 

distorted.    A 
few  motile. 

20  percent  rabbit 

Nearly  all  gone. 

Nearly  all  gone. 

"          " 

" 

serum  0.5  cc. 

6  per  cent  rabbit 

All  gone. 

.•Ml  gone. 

Nearly  all  gone. 

"       " 

serum  0.5  cc. 

2  per  cent  rabbit 

"      " 

"      " 

All  gone. 

"       " 

serum  0.5  cc. 

Ringer's  solution 

"      " 

"      " 

"      " 

"       " 

0.5  cc. 

may  be  ascribed  to  the  fact  that  in  these  specimens  of  bile  there  was 
mixed  a  certain  amount  of  the  blood  and  also  the  serous  exudate 
from  the  affected  liver,  which,  by  virtue  of  their  well  known  inhibi- 
tory effect  upon  the  solvent  action  of  the  bile  salts,  must  have  pro- 
tected some  spirochetes  from  destruction'  in  the  bile.  Guinea  pig 
bile  was  affected  by  the  serum  in  the  same  way. 

A  parallel  series  of  experiments  with  a  specimen  of  ox  bile  obtained 
from  an  abattoir  gave  somewhat  contradictory  results.  In  this  in- 
stance the  addition  of  the  rabbit  or  horse  serum  failed  to  check  the 
destruction  of  the  organism  by  this  bile,  which  had  a  much  stronger 
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solvent  power  than  that  of  the  rabbit  or  guinea  pig.  At  all  events, 
the  amount  of  the  serum  necessary  to  nullify  the  destructive  action 
of  the  bile  is  so  large  that  the  escape  of  the  spirochetes  in  the  bile 
seems  less  probable  than  would  appear  from  the  observations  of  the 
investigators  just  quoted.  Perhaps  the  impairment  of  hepatic  func- 
tion through  the  spirochetal  infection  of  the  organ  may  lead  to  a 
decrease  of  the  bile  salts  in  such  a  specimen. 

Leptospira  icterohamorrhagicE  and  Intennediary  Hosts. 

It  has  been  shown  by  previous  investigators  that  the  spirochetes 
may  remain  in  the  organs  of  certain  rodents  without  producing  serious 
illness,  and  that  they  may  be  excreted  in  the  urine.  From  the  experi- 
ments already  described,  it  seems  improbable  that  the  spirochete  can 
survive  very  long  after  leaving  the  infected  hosts.  The  infection  of 
man,  therefore,  must  result  from  contact  with  the  spirochete  before 
its  destruction  under  natural  conditions;  that  is,  the  carrier  rodents 
must  be  present  in  places  frequented  by  man.  But  while  this  source 
of  infection  may  explain  many  cases  of  infection,  there  are  a  few  in 
which  the  infective  agent  cannot  be  traced  in  this  way. 

The  question  of  insect  carriers  has  been  taken  up  by  Reiter,^  who 
obtained  only  negative  results  with  certain  biting  flies,  fleas,  and  bed- 
bugs. In  the  present  study  opportunities  were  afforded  the  writer  to 
ascertain  whether  or  not  the  larva;  of  certain  varieties  of  flies  or  mos- 
quitoes could  become  infected  with  spirochetes  when  fed  on  infected 
guinea  pig  liver  or  raised  in  a  stagnant  water  tank  into  which  an 
abundance  of  the  culture  had  been  put. 

The  larvas  of  the  common  house-fly  were  allowed  to  feed  for  2  days 
on  infected  material  consisting  of  several  pieces  of  the  liver  and  kidney 
of  a  guinea  pig  killed  Ln  the  last  stage  of  experimental  Weil's  disease. 
They  were  then  transferred  to  a  clean  receptacle  and  fed  for  5  days  on 
a  non-infected  mass  of  horse  manure,  and  at  the  end  of  that  time 
they  were  crushed  into  an  emulsion  and  smeared  over  depilated  areas 
of  the  skin  of  guinea  pigs.  The  emulsion  was  also  examined  for  spiro- 
chetes under  the  dark-field  microscope.  The  examination  revealed 
no  spirochetes,  and  the  guinea  pig  remained  normal. 

^  Reiter,  H.,  Deulsch.  med.  Woch.,  1916,  xlii,  1282. 
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A  similar  experiment  with  the  larvas  of  bluebottle  flies  {Calliphora 
vomitoria)  gave  only  negative  results. 

In  another  series  of  experiments,  about  50  cc.  of  a  rich  culture  of 
spirochetes  (Japanese  strain)  were  added  to  150  cc.  of  stagnant  water 
in  which  twenty -five  mosquito  larvae  had  been  living  for  some  time. 
The  water  was  neutral  in  reaction  and  was  quite  clear  and  transparent 
at  the  time  when  the  culture  was  introduced.  The  larvae  swam  about 
actively  in  the  usual  manner  after  the  addition  of  the  culture.  A 
drop  of  the  contaminated  water  examined  under  the  dark-field  micro- 
scope contained  numerous  active  spirochetes.  There  were  a  few  bac- 
teria. After  24  hours  at  room  temperature,  the  water  became  some- 
what turbid.  Most  of  the  larvae  were  still  active,  but  the  number  of 
the  spirochetes  was  diminished  and  that  of  the  bacteria  increased. 
At  the  end  of  48  hours  there  was  a  scum  of  bacteria  over  the  surface  of 
the  water  and  no  spirochetes  could  be  found.  All  but  six  of  the  largest 
larvffi  had  died.  The  water  was  full  of  bacteria  and  infusoria.  It  is 
possible  that  the  death  of  the  mosquito  larvje  and  of  the  spirochetes 
was  the  result  of  overcrowding  by  the  bacteria  and  infusoria,  increased 
suddenly  by  the  addition  of  the  culture  media  to  the  water.  The  sur- 
viving larvce  were  kept  in  the  same  water  for  5  days  and  then  crushed 
into  an  emulsion  to  be  used  for  an  infection  experiment  on  a  guinea 
pig  and  also  for  examination  under  the  dark-field  microscope.  The 
results  were  entirely  negative. 

Another  series  of  experiments  was  performed  with  adult  mosquitoes 
(Culex  pipiens)  by  first  allowing  them  to  feed  on  an  infected  guinea 
pig,  in  the  blood  of  which  had  been  found  spirochetes,  and  then,  after 
6  days,  causing  them  to  bite  normal  guinea  pigs.  No  infection  re- 
sulted from  their  bites. 

Wood  ticks  {Dermacentor  andersoni)  failed  in  several  experiments  to 
transmit  the  infection  from  gumea  pig  to  guinea  pig.  Leeches 
(Hirudo  medicinalis)  were  allowed  to  suck  blood  from  an  infected 
guinea  pig  until  their  bodies  were  engorged.  In  the  blood  escaping 
from  the  wound  inflicted  by  the  leeches  a  few  spirochetes  could  be 
found  under  the  dark-field  microscope.  These  "infected"  leeches  were 
kept  at  room  temperature  for  7  days  and  afterwards  in  a  cool  room 
at  15°C.,  being  taken  out  at  the  end  of  intervals  of  2,  3,  4,  6,  and  8 
months  and  made  to  suck  normal  guinea  pigs,  but  so  far  no  infection 
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has  been  produced.  Some  of  the  leeches  died  in  the  meantime,  but 
those  which  still  survived  at  the  end  of  the  3  month  interval  were  ex- 
amined for  the  presence  of  spirochetes.  The  viscid,  dark  reddish, 
decomposed  (?)  blood  showed  no  spirochetes  under  the  dark-field 
microscope,  nor  did  it  cause  infection  when  tested  on  guinea  pigs. 
Some  of  the  tissues  were  examined  by  the  silver  impregnation  method, 
but  with  negative  results.  Apparently  there  is  no  multiplication  of 
the  spirochetes  after  their  ingestion  by  leeches,  and  no  infection  can 
be  induced  by  the  bite  of  the  latter  after  a  period  of  1  week. 

SUMMARY   AND   CONCLUSIONS. 

1.  Leptospira  icterohcBmorrhagicE  is  unable  to  grow  in  the  urine, 
either  with  or  without  the  addition  of  suitable  culture  ingredients, 
the  acidity  of  the  urine  being  detrimental  to  the  growth.  It  survives 
less  than  24  hours,  unless  the  urine  is  neutralized  or  slightly  alkalized, 
when  the  period  of  survival  is  somewhat  longer.  If  suitable  nutrient 
ingredients  are  added  to  the  neutralized  or  slightly  alkalized  urine, 
the  organism  is  able  to  grow  for  about  10  days,  after  which  mul- 
tiphcation  ceases. 

2 .  Feces  from  normal  or  jaundiced  persons  destroy  Leptospira  ictero- 
hcetnorrhagia  within  24  hours  when  a  rich  culture  is  added  and  the 
mbcture  allowed  to  stand  at  26°C.  The  addition  of  blood  serum  and 
corpuscles  does  not  prevent  the  destruction  of  the  organism.  Auto- 
claved  specimens  and  filtrates  of  unheated  feces  do  not  constitute 
a  suitable  medium  in  which  to  keep  the  organism  alive  for  any  length 
of  time,  but  the  addition  of  blood  corpuscles  and  serum  in  adequate 
quantities  renders  them  fairly  satisfactory  as  media.  Under  natural 
conditions  Leptospira  icterohccmorrhagice  cast  off  in  the  feces  cannot 
survive  more  than  24  hours. 

3.  Polluted  water,  sewage,  and  soil  will  not  serve  to  keep  Lepto- 
spira icterohcemorrhagia  alive  for  more  than  3  days  at  the  most. 
When  deprived  by  filtration  or  autoclaving  of  their  bacteria  they  be- 
come indifferent  diluents  and  may  be  used  to  make  up  a  culture  me- 
dium when  mixed  with  serum  and  citrate  plasma  of  a  suitable  animal. 
Sterilized  soil  with  a  neutral  reaction,  when  added  to  a  culture,  has 
an  unfavorable  effect  upon  the  growth  of  the  organism. 
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4.  Most  of  the  aerobic  bacteria  found  in  feces,  sewage,  soil,  and  tap 
water  inhibit  the  growth  of  Leptospira  icterohcBmorrhagice  when  inocu- 
lated into  the  same  medium.  Bacillus  fcecalis  alkaligenes  and  many- 
strains  of  non-hemolytic  streptococci  caused  the  least  interference, 
although  growth  was  never  so  vigorous  or  lasting  in  the  media  in 
which  they  were  present  as  in  the  control  media.  Certain  pathogenic 
bacteria  (Bacillus  typhosus,  Bacillus  paratyphosus,  Bacillus  dysenteric^, 
pneumococcus)  are  antagonistic  to  the  growth  of  the  spirochete. 

5.  Leptospira  icterohcemorrhagia:  is  highly  sensitive  to  the  destruc- 
tive action  of  bile,  bile  salts,  and  sodium  oleate,  but  resists  the  action 
of  saponin.  In  this  last  respect  it  differs  from  many  so  called  spiro- 
chetes. The  destructive  action  of  these  agents  is  counteracted  by 
blood  serum. 

6.  The  larvae  and  adults  of  the  Ctilex  mosquito,  the  larva  of  the 
house-fly  and  bluebottle  fly,  wood  ticks  [Dermacentor  andersoni),  and 
leeches  failed  to  become  carriers  of  the  spirochetes  when  fed  on  in- 
fected guinea  pigs  or  their  organs;  that  is,  they  cannot  play  the 
part  of  an  intermediary  host  of  Leptospira  icterohcetnorrhagice. 


BEHAVIOR  OF  HYPOCHLORITE  AND  OF  CHLORAMINE-T 

SOLUTIONS  IN  CONTACT  WITH  NECROTIC  AND 

NORMAL  TISSUES  IN  VIVO. 

By  J.  ILAROLD  AUSTIN,  M.D.,  and  HERBERT  D.  TAYLOR,  M.D. 

(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  February  13,  1918.) 

It  has  been  known  for  some  time  that  the  chlorine  content  and  con- 
sequently the  potency  of  hypochlorite  of  soda  solutions  diminishes 
rapidly  when  in  contact  with  the  surface  of  wounds.  This  is  empha- 
sized by  Carrel  and  Dehelly,  and  for  this  reason  they  advocate  a 
frequent  renewal  of  the  antiseptic  solution  to  the  wound.'  This  in- 
sures that  the  concentration  shall  be  kept  as  constant  as  pos"sible. 

It  would  be  difficult  to  determine  the  rapidity  of  the  fall  in  chlorine 
concentration  on  an  actual  wound  as  encountered  in  the  ward,  and 
almost  impossible  to  parallel  such  observations  with  others  on  an 
equal  quantity  of  solution  in  contact  with  an  equal  area  of  normal 
skin.  Inasmuch  as  exact  determinations  of  the  rapidity  of  the  fall 
in  chlorine  concentration  on  pathological  and  on  normal  skin,  under 
experimental  conditions,  might  be  of  value  to  surgeons  using  Dakin's 
hypochlorite  and  chloramine-T  solutions  clinically,  we  chose  the  fol- 
lowing method  of  investigation. 

The  left  ears  of  three  white  rabbits  of  the  same  relative  size  and 
weight  were  exposed  to  the  rays  emitted  by  a  Coolidge  tube.  The 
spark-gap  used  measured  3  inches;  the  milliamperage  was  10;  the 
distance  from  the  target  to  the  ear  was  6  inches;  and  the  time  of 
exposure  was  20  minutes. 

8  weeks  later  the  x-rayed  ears  each  exhibited  a  sharply  demarcated 
gangrenous  area  over  which  there  were  considerable  crusting  of 
epithelium  and  secretions  and  in  the  lumen  there  was  much  thick  pus. 

The  ears  of  the  affected  rabbits  were  each  suspended  for  20  minutes 
in  a  beaker  containing  400  cc.  of  the  solution  to  be  tested. 

'  Carrel,  A.,  and  Dehelly,  C,  The  treatment  of  infected  wounds.  New  York, 
1917,  65. 
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Rabbit  1. — Right  and  left  ears  suspended  in  separate  beakers  containing  Dakin's 
h\'porhlorite  solution,  made  from  bleaching  powder,  10  cc.  of  which  required 
13  cc.  of  0.1  X  sodium  thiosulfate  solution  for  reduction  (0.48  per  cent  sodium 
hypochlorite). 

Rabbit  2. — Right  and  left  ears  suspended  separately  in  beakers  containing  a 
solution  comparable  in  alkalinity  with  properly  made  Dakin's  hypochlorite  solu- 
tion— sodium  carbonate  1  gm.  and  sodium  bicarbonate  17  gm.  per  liter  of  water. 

Rabbit  3. — Right  and  left  ears  suspended  separately  in  chloramine-T-  solution 
which  required  12.75  cc.  of  sodium  thiosulfate  for  reduction  (about  2  per  cent 
chloramine-T),  and  contained  approximately  the  same  proportion  of  available 
chlorine  as  the  In-pochlorite  solution  used  on  Rabbit  1. 


Solution. 

In  contact  with. 

1 

1 
e 

J3 

Normal  ear. 
Gangrenous  ear. 
Control  (no  tissue). 
Normal  ear. 
Gangrenous  ear. 
Normal  ear. 
Gangrenous  ear. 
Control  (no  tissue). 

13.00 
13.00 
13.00 

12.75 
12.75 
12.75 

12.35 
11.55 
13.00 

12.75 
12.75 
12.75 

12.15 
10.30 
13.05 

11  50 

Carbonate-bicarbonate      "      

8.65 
12.60 

12.75 

12.35 

«                          u 

12.75 

In  the  tables  the  figures  represent  the  number  of  cubic  centimeters  of  0.1  N 
sodium  thiosulfate  solution  required  to  reduce  the  chlorine  in  10  cc.  of  the  solution. 


Table  I  shows  the  titration  figures  before,  immediately  after  the 
20  minutes'  exposure  of  the  normal  and  necrotic  ears  to  the  solutions, 
2  hours  after  the  ears  had  been  removed  from  the  solutions,  and  17 
hours  after  removal.  The  solutions  were  kept  in  covered  vessels  at 
room  temperature  in  the  interval  between  titrations. 

The  fall  in  chlorine  concentration  was  more  rapid  in  the  Dakin's 
hypochlorite  solution  applied  to  the  gangrenous  ear  than  in  that 
applied  to  the  normal  ear.  The  fall  in  concentration,  however,  was 
not  complete  immediately  after  the  ears  were  removed  from  the  solu- 
tion but  became  more  pronounced  the  longer  the  interval  between 

^  Prepared  by  the  .Abbott  Laboratories,  Chicago. 
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the  removal  of  the  ears  and  the  titration.  The  titration  of  the  control 
solution,  which  had  not  been  exposed  to  any  tissue,  demonstrated  a 
fall  in  the  titration  figure  from  13  to  12.60  cc,  a'nd  a  small  proportion 
of  the  loss  in  chlorine  of  the  solutions  in  contact  with  the  tissues 
might  be  explained  by  this  spontaneous  deterioration  of  the  unstable 
hypochlorite  solutions.  However,  this  factor  is  insufficient  to  ac- 
count for  the  fall  from  13  cc.  before  exposure  to  8.65  cc.  17  hours 
later  in  the  gangrenous  ear,  nor  from  the  same  figure  before  to  11.50 
cc.  at  the  end  of  the  17  hour  interval  in  the  normal  ear.  The  fall 
from  13  cc.  before  exposure  to  11.55  cc.  immediately  afterward  is 
associated  with  the  erosive  action  of  the  hypochlorite  solutions,  which 
we  have  measured  quantitatively  in  a  former  investigation,'  but  the 
cause  of  the  further  fall  to  8.65  cc.  is  not  immediately  clear.  The 
fluid  in  contact  with  the  gangrenous  ear  was  cloudy  immediately  after 
the  removal  of  the  ear.  This  cloudiness  of  the  fluid  was  not  so  marked 
at  the  end  of  the  2  hour  interval  when  the  second  titration  was  made, 
and  the  fluid  was  almost  as  clear  as  the  control  at  the  end  of  the  17 
hour  interval  when  the  last  titration  gave  the  lowest  chlorine  con- 
centration recorded.  Close  inspection  of  the  fluid  immediately  after 
the  removal  of  the  ear  revealed  the  presence  of  small  particles  of 
necrotic  tissue,  flecks  of  pus,  etc.,  in  suspension.  These  became 
less  noticeable  the  longer  the  antiseptic  solution  was  allowed  to  act. 
The  fall  in  chlorine  concentration  exhibited  immediately  after  the 
removal  of  the  ears  was  due  to  the  erosive  efi'ect  of  the  solution  on  the 
necrotic  tissue,  and  to  its  combination  with  the  products  of  the  tissues 
in  situ.  However,  during  this  action,  appreciable  particles  of  ne- 
crotic tissue,  agglomerations  of  pus  cells,  and  little  gummy  concre- 
tions made  up  of  dried  serum,  epithelial  cells,  etc.,  were  separated 
from  the  necrotic  ear  and  it  is  the  subsequent  reaction  of  the  hypo- 
chlorite with  these  which  caused  the  continued  fall  in  the  chlorine 
titer.  That  the  chlorine  is  directly  concerned  in  this  solvent  action 
seems  assured  from  former  experiments  reported.'  In  the  course  of 
the  reaction  the  chlorine  probably  goes  into  such  stable  union  with 
the  protein  substances  that  it  is  not  available  to  the  sodium  thiosul- 

'  Taylor,  H.  D.,  and  Austin,  J.  H.,  The  solvent  action  of  antiseptics  on  necrotic 
tissue,  /.  Exp.  Med.,  1918,  .xxvii,  155. 
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fate  solution,  and  thus  the  fall  in  titer  measures  the  exact  quantity  of 
chlorine  used  up  in  the  reaction  with  the  wound  products. 

The  fall  in  chlorine  concentration  of  the  hypochlorite  solution  in 
contact  with  the  normal  ear,  much  less  pronounced  than  with  the 
x-rayed  ear,  was  probably  due  to  the  erosive  action  of  the  solution 
on  the  hair  and  superficial  epithelium  of  the  normal  ear  and  the  slow 
digestion  of  the  particles  removed  caused  the  slow  fall  noted  over  the 
interval  of  17  hours.  As  there  was  much  less  tissue  capable  of  react- 
ing with  the  solution  in  the  normal  than  in  the  gangrenous  ear,  the 
titration  figures  were  higher  at  all  observations  in  the  solution  ex- 
posed to  the  former.  Close  observation  revealed  the  erosive  effect 
on  the  ear  itself. 

The  fall  in  chlorine  concentration  noted  in  the  chloramine-T  solu- 
tions was  much  less  than  that  observed  in  the  hypochlorite  solutions. 
This  corresponds  with  the  greater  stability  of  the  former  and  with  their 
lack  of  erosive  effect  on  necrotic  tissue.'  It  is  interesting  to  note  that 
there  was  no  fall  in  chlorine  concentration  in  the  chloramine-T 
solution  applied  to  the  normal  ear,  and  correspondingly  no  erosive 
action  on  the  hair  or  superficial  epithelium  was  demonstrable.  The 
solution  was  likewise  clear  when  removed  from  the  ear  and  through- 
out the  period  of  observation,  in  contrast  to  the  hypochlorite  solution 
which  was  at  first  cloudy  and  only  late  in  the  experiment  became  rela- 
tively clear.  The  titration  figures  after  1 7  hours  were  approximately 
the  same  as  those  made  immediately  after  the  removal  of  the  ears 
from  the  solution.  Text-fig.  1  shows  graphically  the  fall  in  chlorine 
concentration  in  the  hypochlorite  solution  applied  to  the  gangrenous 
ear,  in  that  applied  to  the  normal  ear,  and  in  the  control  solution 
which  was  not  allowed  to  act  on  any  tissue.  Text-fig.  2  gives  com- 
parable curves  for  the  chloramine-T  solutions. 

A  weaker  hypochlorite  solution,  titrating  9  cc.  of  sodium  thiosulfate 
(0.1  n),  was  applied  to  the  gangrenous  ear  and  to  the  normal  ear  of 
Rabbit  1,  and  titration  figures  before,  immediately  after  removal  of 
the  ears  from  the  solution,  2  hours  afterward,  and  17  hours  afterward 
were  compared  with  a  control  solution  which  was  never  in  contact 
with  tissue.  These  results,  shown  in  Table  II  and  Text-fig.  3,  con- 
firm those  shown  in  Table  I  and  Text-fig.  1  for  Rabbit  1 . 
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The  ears  of  each  rabbit  were  then  suspended  in  solutions  of  the 
same  t>pes  and  concentrations  as  those  shown  in  Table  I  for  7  con- 
secutive days,  the  period  of  exposure  on  each  day  being  20  minutes. 
At  the  end  of  this  time  it  was  seen  that  the  gangrenous  ear  suspended 
in  Dakin's  hj-pochlorite  solution  had  cleared  up  proportionately  more 


Control;  no  tissue. 

Normal  ear. 

X-rayed  ear. 

Text-Fig.  1.  The  fall  in  chlorine  concentration  in  the  hj'pochlorite  solution 
appUed  to  the  gangrenous  ear,  in  that  applied  to  the  normal  ear,  and  in  the  con- 
trol solution  which  was  not  allowed  to  act  on  any  tissue. 


Solution. 

In  contact  with. 

a 

>^ 

B 

Normal  ear. 
Gangrenous  ear. 
Control  (no  tissue). 

9.0 
9.0 
9.0 

8.5 
7.0 
9.0 

8.25 

5.5 

«                        u                        « 

8.9 

than  the  gangrenous  ears  of  either  of  the  other  rabbits.  The  scabs  were 
more  eroded  and  the  pus  present  was  less  in  amount  than  in  either 
of  the  others.  The  gangrenous  area  looked  much  cleaner.  The  chlora- 
mine-T  gangrenous  ear,  which  was  not  so  severe  an  x-ray  burn  in  the 
beginning,    had    not    improved    appreciably.     The    gangrenous    ear 
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treated    with    the    control   alkahne    solution    had    not    changed    in 
appearance. 

The  normal  ears  of  the  chloramine-T  and  of  the  alkaline  control 
rabbits  were  just  as  they  had  been  before  treatment  with  these  sub- 
stances.    The  normal  ear  treated  with  the  hjpochlorite  solution  was 


i  ^ ,  ftfffiirWfffTrfrrn  ntr  i  nTirnffiTinTiTfTfnlilffff^ 
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Text-Fig.  2. 


Text-Fig.  3. 

Text-Fig.  2.  The  fall  in  chlorine  concentration  in  the  chloramine-T  solution 
applied  to  the  gangrenous  ear,  in  that  applied  to  the  nornial  car,  and  in  the  control 
solution  which  was  not  allowed  to  act  on  any  tissue. 

Text-Fig.  3.  The  fall  in  chlorine  concentration  of  the  second  hypochlorite 
solution,  titrating  9  cc.  of  sodium  thiosulfate  (0.1  n),  applied  to  the  gangrenous  ear, 
in  that  applied  to  the  normal  ear,  and  in  the  control  which  was  not  allowed  to  act 
on  anv  tissue. 


intensely  inflamed.  It  was  twice  as  thick  as  it  had  been  before  it 
was  treated,  due  to  intense  edema.  Congestion  was  marked  and  the 
surface  temperature  was  higher  than  normal.  There  was  superficial 
ulceration  in  places  and  petechiae  were  scattered  through  the  subcu- 
taneous tissues. 
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CONCLUSIONS. 

1.  The  fall  in  chlorine  concentration  of  Dakin's  hypochlorite  solu- 
tion is  more  rapid  in  contact  with  necrotic  than  in  contact  with  normal 
tissue. 

2.  The  fall  in  chlorine  concentration  of  chloramine-T  solution  is 
very  slight  when  applied  to  necrotic  tissue  and  is  neghgible  when  ap- 
plied to  normal  tissue. 

3.  The  action  of  the  hypochlorite  solution  on  tissue  results  in  the 
separation  of  particles  of  necrotic  tissue,  hair,  epithehal  scales,  coagu- 
lated serum,  etc.,  and  a  gradual  digestion  of  these  substances,  taking 
place  over  a  period  of  at  least  17  hours. 

4.  The  fall  in  the  chlorine  concentration  of  the  hypochlorite  solu- 
tion is  not  complete  until  the  particles  are  completely  dissolved. 

5.  Chloramine-T  solution,  2  per  cent,  has  no  erosive  effect  compara- 
ble with  that  exhibited  by  the  hypochlorite  solution. 

6.  Repeated  exposures  to  the  three  solutions  show  the  hypochlorite 
solution  to  be  superior  in  its  cleansing  ability  on  necrotic  tissue. 

7.  The  h^-pochlorite  solution  is  much  more  irritating  to  normal 
rabbit  skin  than  chloramine-T  solution  or  the  alkahne  control 
solution. 

8.  Therefore,  the  irritating  effects  must  be  due  to  the  readily 
available  chlorine. 


TOXICITY  OF  CERTAIN  WIDELY  USED  ANTISEPTICS. 

By  HERBERT  D.  TAYLOR,  M.D.,  ant.  J.  HAROLD  AUSTIN,  M.D. 

(From  file  Luhoralorks  of  The  Rockefeller  lustilute  for  Medical  Research.) 
(Received  for  publication,  March  2i,  1918.) 

In  view  of  the  widespread  use  of  certain  antiseptics  in  the  treatment 
of  infected  wounds,  it  has  seemed  desirable  to  make  toxicity  tests  on 
animals  under  conditions  in  which  rapid  absorption  might  be  ex- 
pected. While,  as  a  rule,  the  antiseptics  are  employed  under  condi- 
tions that  preclude  the  possibility  of  much  absorption  with  conse- 
quent systemic  effect,  yet  occasionally  certain  of  them  have  been 
recommended  and  in  some  instances  even  used  for  injection  into 
closed  cavities.  This  practice,  which  would  probably  lead  to  con- 
siderable absorption,  has  not  been  general,  the  majority  of  surgeons 
proceeding  with  much  caution. 

A  few  experiments  of  Carrel  and  Dehelly'  demonstrated  that 
Dakin's  hypochlorite  solution  when  injected  subcutaneously  in  the 
guinea  pig  was  relatively  non-toxic,  one-fortieth  of  the  body  weight 
of  the  animal  injected  being  borne  without  demonstrable  ill  effect. 
Bashford-  has  tested  the  toxic  effect  of  dilute  hypochlorite  solutions 
on  the  living  tadpole  immersed  in  Dakin's  solution.  Inasmuch  as 
these  experiments  were  few  and  no  data  for  comparing  the  relative 
toxicity  of  a  series  of  antiseptics  were  given,  it  was  decided  to 
investigate  the  toxic  action  of  a  number  of  antiseptic  substances  in 
common  use.  The  method  was  to  inject  increasing  doses  into  mice 
intraperitoneally  and  into  guinea  pigs  both  subcutaneously  and 
intraperitoneally,  and  to  note  and  tabulate  the  results. 

Method. 

White  mice  of  approximately  20  gm.  and  guinea  pigs  of  300  to  600 
gm.  body  weight  were  employed  and  the  amount  of  chemical  used  is 

'  Carrel,  A.,  and  Dehelly,  G.,  The  treatment  of  infected  wounds.  New  York, 
1917.  32. 
2  Bashford,  E.  F.,  Lancet,  1917.  ii,  595. 
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based  on  the  weight  of  each  animal.  In  regard  to  the  chlorinated 
antiseptics,  the  lethal  dose  is  calculated  in  terms  of  the  sodium  hj-po- 
chlorite  equivalent  and  the  available  chlorine  of  the  antiseptic.  The 
percentage  of  the  total  weight  of  the  antiseptic  substance  represented 
by  the  sodium  hypochlorite  equivalent  is  given  in  a  foot-note  to 
Table  I. 

In  Table  I  the  results  of  the  intraperitoneal  injection  in  mice  of 
increasing  doses  of  the  antiseptics  studied  are  tabulated.  In  Column 
A  of  Table  IV  will  be  found  a  condensed  summary  of  these  results, 
the  antiseptics  being  arranged  in  the  order  of  their  decreasing  toxicity 
for  the  animals.  Control  injections  of  four  of  the  vehicles  employed, 
namely  water,  isotonic  saline  solution,  sterile  paraffin  oil,  and  Dakin 
and  Dunham's  bland  oil  solvent  for  dichloramine-T  (chlorcosane'), 
show  these  to  be  well  borne  in  larger  doses  than  those  employed  in 
any  of  the  injections  with  antiseptics  into  the  test  animals.  Euca- 
l}-ptol,  however,  which  has  been  used  in  combination  with  paraffin 
oil  as  a  vehicle  for  dichloramine-T  is  so  toxic  that  its  use  in  experi- 
ments of  the  nature  of  those  recorded  here  is  impossible.  The  dilut- 
ing vehicle  has  been  water  or  isotonic  saline  solution  with  all  antiseptics 
except  dichloramine-T. 

In  Table  I  are  given  in  detail  the  results  of  the  experiments  in 
vvhich  mice  were  used.  The  nature  and  strength  of  the  solution  in- 
jected, the  amount  of  the  solution  in  cubic  centimeters,  the  amount 
of  the  drug  in  actual  milligrams  administered  and  in  milligrams  per 
100  gm.  of  body  weight,  with  the  final  results,  are  recorded. 

Table  II  gives  in  the  same  way  the  results  obtained  with  the  few 
guinea  pigs  that  were  injected  subcutaneously. 

In  Table  III  are  recorded  the  results  of  the  experiments  in  which 
guinea  pigs  were  injected  intraperitoneally.  The  form  of  the  table  is 
the  same  as  in  Tables  I  and  II. 

Table  IV  summarizes  the  results  given  in  Tables  I  to  III,  showing 
the  greatest  dose  per  100  gm.  of  body  weight  that  the  animals  were 
able  to  survive  and  the  smallest  dose  necessary  to  kill  with  the  anti- 
septics named. 

'  The  chlorcosane  was  kindly  given  us  by  Dr.  H.  D.  Dakin  and  Dr.  E.  K. 
Dunham.    Dakin,  H.  D.,  and  Dunham,  E.  K.,  Brit.  Med.  J.,  1918,  i,  51. 
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DISCUSSION. 

It  will  be  seen  from  the  tables  that  the  only  antiseptic  of  which  the 
smallest  fatal  dose  was  smaller  than  the  largest  survival  dose  was 
dichloramine-T.  Since  two  mice  survived  4.7  mg.  per  100  gni.  of 
body  weight,  it  is  probable  that  15.5  mg.  rather  than  1.6  mg.  is  to 
be  considered  the  smallest  fatal  dose  for  this  series.  The  distribu- 
tion of  the  drug  in  the  viscid  bland  oil  used  as  a  vehicle  is  probably 
uneven,  which  may  account  for  the  somewhat  variable  results  ob- 
tained with  this  antiseptic  both  in  mice  and  in  guinea  pigs. 

Of  all  the  substances  tested,  eucalyptol  and  brilliant  green  are  the 
most  toxic,  the  lethal  dose  of  each  being  0.1  mg.  per  100  gm.  of  body 
weight.  Mercurophen,^  mercuric  chloride,  and  chloramine-T  con- 
stitute the  group  with  the  next  highest  toxicity,  the  lethal  dose  being 
1  mg.  per  100  gm.  of  body  weight.  Dichloramine-T,  proflavine,"  and 
the  four  hj^jochlorite  solutions  tested  follow  in  the  order  named  with 
a  lethal  dose  of  about  10  to  15  mg.  per  100  gm.  of  body  weight.  The 
least  toxic  chemicals  are  iodine  and  phenol,  of  which  the  lethal  doses 
are  about  50  mg.  per  100  gm.  of  body  weight. 

In  Table  II  are  recorded  a  few  experiments  with  the  antiseptics 
injected  under  the  skin  of  the  abdomen  of  guinea  pigs.  The  lethal 
dose  of  Dakin's  hypochlorite  solution  per  100  gm.  of  body  weight  is 
the  same  as  that  determined  intraperitoneally  in  the  mouse.  Chlora- 
mine-T and  dichloramine-T  administered  in  this  manner  gave  rise 
to  local  necrosis  with  extensive  sloughing.  It  is  probable  that  only 
a  small  part  of  the  drug  injected  reached  the  general  system  of  the 
animal  and  in  consequence  the  determination  of  the  lethal  dose  in 
this  way  can  hardly  be  considered  satisfactory.  It  was  accordingly 
abandoned  and  five  of  the  antiseptics  were  tested  in  guinea  pigs  by 
intraperitoneal  injections.  The  results  are  tabulated  in  Table  III 
and  summarized  in  Column  B  of  Table  IV. 

Chloramine-T  has  the  same  toxicity  per  unit  of  body  weight  for 
guinea  pigs  and  for  mice.  The  same  may  be  true  of  dichloramine-T 
or  this  substance  may  be  somewhat  less  toxic  for  the  guinea  pig. 

*  The  mercurophen  was  sent  to  us  for  trial  through  the  kindness  of  Dr.  J.  F. 
Schamberg. 

^  The  proflavine  was  obtained  from  England. 
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TABLE   rV. 
Summary. 


Smallest 

fatal 

dose  per  100 

gm.  of  body 

eight. 


Eucalyptol 

Brilliant  green ... 
Mercurophen .... 
Mercuric  chloride. 
Chloramine-T. .  .  . 
Dichloramine-T .  . 


Proflavine 

Hychlorite 

Dakin's  hypochlorite 

Commercial  hypochlorite  (Javelle 

water) 

Magnesium  hjporhlorite 

Iodine 

Phenol 


Mice,  injected 
intraperitoneally. 


Largest 
surviving 
dose  per 

100  gm. 
of  body 

weight. 


mg. 

0  15 

0  15 

1  50 

2  50 
2  60 
1.60  (?) 

15.50 
25  00 
12  00 
24  00 

25,00 
25.00 
100.00 
50.00 


mg. 

0.05 
0.05 
0  .SO 
0.50 
0.80 

4.70 
5.00 
12  00 
12  00 

12.00 
12  00 
.^5.00 
50,00 


'  Guinea  pigs, 

injected 

intraperitoneally. 


Smallest 

fatal 
dose  per 
100  gm. 
of  body 
weight. 


3.2 
3.9  (?) 
39.0 

5  0 
6.2 

6  3 


dose  per 
100  gm. 

of  bodv 
weight. 


1.1 

12.3 
2,6 
3.0 
3,0 


c. 

Guinea  pigs, 

injected 

subcutaneously. 


100  gm. 
of  bodv 
weight. 


dose  per 
100  gm. 
of  body 
weight. 


.'Ml  the  figures  represent  milligrams  of  antiseptic,  or  in  the  case  of  the  chlori- 
nated antiseptics,  milligrams  of  sodium  hyfwchlorite  equivalent  of  the  antiseptic, 
per  100  gm.  of  body  weight. 

Proflavine,  hychlorite,"  and  Dakin's  hypochlorite  solution  given  intra- 
peritoneally are  all  about  two  or  three  times  as  toxic  per  100  gm.  of 
body  weight  for  the  guinea  pig  as  for  the  mouse.  On  the  whole, 
however,  the  toxicity  of  the  antiseptics  follows  about  the  same  order 
in  the  two  species  of  animal.  When  the  great  difference  in  the  body 
weight  of  the  mouse  and  the  guinea  pig  is  considered,  the  constancy 
of  the  lethal  dose  per  unit  of  body  weight  is  striking. 

While  it  is,  of  course,  not  justifiable  to  calculate  arbitrarily,  on  the 
basis  of  body  weight  alone,  the  fatal  dose  of  these  substances  for 
man,  it  is  interesting  in  this  connection  to  note  that  if  such  a  compu- 


^  Made  by  General  Laboratories,  Madison,  Wisconsin. 
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tation  could  be  considered  valid  the  following  amounts  of  certain  of 
the  antiseptics  under  the  proper  circumstances  would  constitute  a 
fatal  dose  for  a  man  weighing  70  kg. 

0.14  cc.  of  equal  parts  of  paraflin  oil  and  eucalyptol  (formerly  considerably 
used  as  a  solvent  for  dichloramine-T). 

144  cc.  of  a  2  per  cent  solution  of  chloramine-T. 

160  cc.  of  a  5  per  cent  solution  of  dichloramine-T  in  bland  oil. 

1,600  cc.  of  any  of  the  hypochlorite  solutions  tested,  having  sodium  hypochlo- 
rite titration  of  O.S  per  cent. 

However,  only  a  small  amount  of  the  antiseptic  employed  is  ab- 
sorbed from  wound  surfaces  or  from  an  abscess  cavity,  and  little  if 
any  danger  from  constitutional  effects  would  be  e.xpected  from  their 
emplojTiient  in  this  way.  When  used  in  closed  cavities,  in  the  serous 
cavities  of  the  body,  or  when  sutured  within  a  wound,  these  figures 
should,  we  believe,  be  kept  in  mind.  This  is  especially  the  case  in 
respect  to  eucalyptol  used  as  a  vehicle. 

The  drugs  are  tabulated  in  Table  IV  in  the  order  of  diminishing 
toxicity.  It  is  interesting  to  note  that  the  least  toxic  drugs  that  are 
efficiently  bactericidal  are  the  hypochlorite  series  and  iodine.'' *■' 
The  only  two  of  the  four  hypochlorite  solutions  studied  that  are  suit- 
able for  clinical  use  are  Dakin's  hypochlorite  solution  (in  this  case 
made  from  bleaching  powder)  and  hychlorite.  Of  the  other  sub- 
stances which  vary  somewhat  in  their  greater  toxicity  for  mice  and 
guinea  pigs,  the  most  efficient  are  proflavine,  dichloramine-T,  chlora- 
mine-T, and  possibly  brilliant  green.  Mercurophen,  mercuric  chlo- 
ride, and  phenol  can  be  disregarded  as  having  too  feeble  disinfecting 
powers.  Eucalyptol,  the  most  toxic  substance  included  in  this  study, 
is  not  recommended  as  a  bactericidal  agent,  but  merely  as  a  solvent 
for  dichloramine-T.  Of  these  drugs,  the  'only  ones  having  appreci- 
able solvent  action  on  necrotic  tissues,  pus,  etc.,  are  the  hypochlo- 

'  Dakin,  H.  D.,  and  Dunham,  E.  K.,  Handbook  of  antiseptics.  New  York, 
2nd  edition,  1918. 

'Dakin,  H.  D.,  Cohen,  J.  B.,  and  Kenyon,  J.,  Bril.  Mr:!.  ./.,  1916,  i,  160. 

'Dakin,  H.  D.,  Cohen,  J.  B.,  Daufresne,  M.,  and  Kenyon,  J.,  Proc.  Roy. 
Soc.  London^  Series  B,  1916,  Ixxxix,  232. 
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rites.'"' "    Chloramine-T  and  the  hj'pochlorites  have  also  a  destructive 
action  on  bacterial  toxins. '- 

CONCLUSIONS. 

1.  The  substances  injected  intraperitoneally  into  mice  and  guinea 
pigs  arranged  in  the  order  of  their  decreasing  toxicity  are:  eucalyptol 
and  brilliant  green;  mercurophen;  mercuric  chloride  and  chloramine-T; 
dichloramine-T  and  proflavine;  hychlorite,  Dakin's  hypochlorite, 
Javelle  water,  and  magnesium  hypochlorite;  iodine  and  phenol. 

2.  Now  that  Dakin's  bland  solvent,  chlorcosane,  is  available  as  a 
vehicle  for  dichloramine-T,  eucalyptol  should  probably  be  discarded 
for  this  purpose  because  of  its  much  greater  toxicity. 

3.  Inasmuch  as  experienced  surgeons  do  not  approve  of  the  injec- 
tion of  solutions  of  iodine  and  phenol  into  closed  cavities,  it  would 
seem  advisable  not  to  use  any  of  the  antiseptics  here  discussed  in  this 
manner  inasmuch  as  all  exhibit  a  greater  toxicity  for  mice  and  guinea 
pigs  than  the  two  chemicals  first  named. 

4.  The  method  of  testing  toxicity  of  antiseptics  by  subcutaneous 
injection  is  not  satisfactorj'  because  exudation  and  subsequent  slough- 
ing reduce  the  rate  of  absorption  and  make  uncertain  the  amount 
finally  absorbed. 

'"  Taylor,  H.  D.,  and  Austin,  J.  H.,  /.  Exp.  Med.,  1918,  xxvii,  155. 
"  .Austin,  J.  H.,  and  Taylor,  H.  D.,  J.  Exp.  Med.,  1918,  x.xvii,  627. 
'•-  Taylor,  H.  D.,  and  .\ustin,  J.  H.,  J.  Exp.  Med.,  1918,  x.wii,  375. 
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INTRODUCTION. 

About  a  year  after  the  discovery  by  Blum'  that  subcutaneous  injections  of  adre- 
nal extracts  produce  glycosuria,  Herter  and  his  coworkers"  published  several  com- 
munications on  the  sugar-producing  elTect  of  adrenal  substance  when  administered 
intraperitoneally.  They  employed  adrenalin  chloride  (Takamine,  1:1,000). 
According  to  Herter,  intraperitoneal  injections  of  adrenalin  give  better  results 
than  subcutaneous  or  intravenous  injections.  Herter's  communications  con- 
tain further  the  following  striking  statements:  that  painting  of  the  pancreas 
with  adrenalin  brings  on  glycosuria  which  amounts  often  to  10  per  cent  and  more, 
and  that  such  a  remarkable  production  of  glycosuria  may  be  brought  about  even 
by  painting  only  one-fifth  of  the  pancreas  with  adrenahn.  He  further  states 
that  '  the  pronounced  nature  of  the  glycosuria  following  intraperitoneal  injec- 
tions appears  to  be  mainly  attributable  to  the  readiness  with  which  the  adrenalin 
comes  into  contact  with  the  pancreas."  The  glycosuric  action  of  painting  the 
pancreas  is  brought  into  connection  with  the  fact  that  glycosuria  invariably  makes 
its  appearance  after  complete  depancreatization,  and  the  theory  is  advanced  that 
the  painting  of  the  pancreas  with  adrenalin  acts  upon  the  cells  of  this  organ  in 
the  manner  of  the  action  of  hydrocyanic  acid;  namely,  by  the  prevention  of  oxy- 
genation of  the  glandular  cells.  In  the  discussion  following  this  communication 
at  the  meeting  of  the  Association  of  .American  Physicians,  Herter  stated  that  he 
was  unable  to  ofier  a  satisfactory  reply  to  the  question  of  one  of  us;  namely,  why 
the  prevention  of  oxygenation  of  the  cells  of  one-fifth  of  the  pancreas  should  pro- 
duce glyco.suria,  while  the  removal  of  even  more  than  one-half  of  that  gland  pro- 
duces no  glycosuria.     To  the  remarks  of  Gushing  that  the  operative  procedure, 

'  Blum,  F.,  Deutsch.  Arch.  klin.  Med.,  1901,  Ixxi,  146. 

2  Herter,  C.  A.,  and  Richards,  A.  N.,  Med.  News,  1902,  l.xxx,  201.  Herter,  C. 
A.,  ibid.,  1902,  Ixxx,  865.  Herter,  C.  A.,  and  Wakeman,  A.  J.,  Tr.  Assn.  Am. 
Phys.,  1902,  xvii,  570;  Virchou's  Arch.  path.  Anal.,  1902,  clxix,  479.  Vosburgh, 
C.  H.,  and  Richards,  A.  N.,  Am.  J.  Physiol.,  1903,  ix,  35. 
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etc.,  might  have  been  responsible  for  the  glycosuria,  Hertersaid  that  he  'used  onl> 
ether,  and  after  you  have  used  this  for  hours  on  dogs  and  examined  the  urine 
you  get  only  a  trace  of  sugar  or  none  whatever."  He  admits  that  in  a  few  in- 
stances the  amount  of  glycosuria  is  inconsiderable  and  in  exceptional  instances 
glycosuria  may  be  entirely  absent.  However,  Hcrter's  papers  do  not  contain 
figures  recording  the  number  of  successful  experiments  after  painting  the  pancreas 
or  after  intraperitoneal  injections,  or  indicating  the  degrees  of  the  results. 

In  Herter  and  Wakeman's  communications-  there  is  only  an  unimportant 
reference  to  the  hyperglycemic  etfect  of  painting.  But  later  Vosburgh  and  Rich- 
ards'- report  eight  experiments  in  which  the  hyperglycemia  was  studied,  five  after 
painting  the  pancreas  and  three  after  intraperitoneal  injections  of  adrenalin  chlo- 
ride. In  these  instances  the  increase  in  hyperglycemia  was, indeed,  considerable; 
but  no  statement  is  made  as  to  the  glyco.suric  effects.  Vosburgh  and  Richards 
acknowledge  the  influence  of  ether  upon  the  sugar  content  of  the  blood  and  the 
necessity  of  having  controls  for  the  experiments;  they  consider  as  a  control  the 
first  analysis  for  blood  sugar  which  has  been  made  after  anesthesia  has  been  estab- 
lished and  before  adrenalin  is  used.  In  two  of  these  controls  the  glycemia  was 
high  (0.239  and  0.258  per  cent). 

These  statements  are  striking.  Although  more  than  14  years  have 
passed  the  e.xperiments  seem  not  to  have  been  confirmed  by  other 
workers.  We  report  belowf  the  results  which  were  obtained  in  the 
repetition  of  some  of  the  experiments. 

EXPERIMENTAL. 

Method. — The  experiments  were  made  on  dogs.  They  were  anes- 
thetized with  ether,  some  by  the  intratracheal  insufflation  method, 
some  received  ether  by  cone  or  towel,  and  in  others  ether  was  insuf- 
iiated  through  a  cone.  In  all  cases  urine  and  blood  were  analyzed 
for  sugar  content,  the  blood  was  analyzed  once  before  painting  the 
pancreas  with  adrenalin  (Parke,  Davis  and  Company,  1:  1,000),  and 
several  times  at  intervals  after  painting.  Blood  was  obtained  from 
a  cannula  in  an  arfery  (carotid  or  femoral)  or  from  the  external  jugu- 
lar vein  by  means  of  a  syringe,  and  the  urine  from  a  catheter  kept 
permanently  in  the  bladder.  Probably  because  of  the  etherization, 
the  amount  of  urine  obtained  was  usually  small.  The  experiment  was 
observed  for  several  hours;  that  is,  at  least  until  the  glycemia  was 
distinctly  on  its  descending  course.  The  urine  was  examined  at  in- 
tervals after  painting  and  in  some  instances  the  urine  excreted  during 
the  following  18  or  20  hours  was  collected  and  examined.     Etheriza- 
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tion  was  continued  either  throughout  the  entire  experiment  or  until 
the  painting  and  with  it  the  operative  handHng  of  the  animal  was 
finished.  The  quantitative  analysis  for  sugar  was  made  by  Myers 
and  Bailey's  modification  of  the  Lewis-Benedict  method.^ 

After  laparotomy  the  pancreas  was  exposed  to  as  full  a  view  as  pos- 
sible. At  least  one-third  of  the  organ  was  painted.  In  some  experi- 
ments the  entire  quantity  of  the  adrenahn  was  painted  on  at  once;  in 
others  about  the  same  quantity  was  used  but  divided  for  painting 
several  times.  The  results  of  the  two  methods  are  presented  in 
Tables  I  and  II. 

Since  the  adrenalin  will  reach  the  pancreatic  cells  more  thoroughly 
if  applied  after  the  thin  membrane  and  the  external  covering  of 
connective  tissue  has  been  removed,  this  was  done  in  most  of  the 
experiments. 

The  results  will  be  found  in  compact  but  full  detail  in  the  tables. 
Table  I  presents  those  obtained  in  seven  e.xperiments  in  which  the 
pancreas  was  painted  only  once  with  fairly  large  quantities. 

As  regards  the  blood  sugar  we  are  concerned  essentially  with  the 
determinations  made  during  etherization  just  before  exposure  of 
the  pancreas  and  the  highest  percentage  of  the  sugar  found  at  any 
time  after  painting  it.  The  difference  between  these  two  determina- 
tions indicates  the  effect  of  painting  the  pancreas  with  adrenalin. 
Taking  the  highest  increase  during  an  experiment  as  characteristic 
of  the  effect  of  the  painting,  the  rise  in  the  blood  sugar  content  in  the 
experiments  of  Table  I  is  as  follows:  0.09,  0.07,  0.05,  0.06,  0.00,  0.08, 
and  0.06  per  cent.  It  varies  between  0.09  and  0.00  per  cent.  The 
urine  never  contained  reducing  substances  before  painting  the  pan- 
creas with  adrenalin.  The  highest  percentages  of  glycosuria  after 
painting  in  the  experiments  of  Table  I  are  as  follows:  1.27,  5.00,  0.00, 
0.93,  0.68,  0.94,  and  trace.  As  can  be  seen  from  the  data  in  the  table, 
the  percentages  of  sugar  in  the  urine  following  the  painting  were  ir- 
regular, the  highest  being  5  per  cent  and  the  lowest  0.00  per  cent. 
Evidence  of  definite  relation  between  glycosuria,  hyperglycemia, _  and 
the  amount  of  adrenalin  used  in  painting  the  pancreas  isTacking. 

Table  II  summarizes  five  experiments  in  which  the  pancreas  was 
painted  several  times.     The  entire  quantity  of  adrenalin  used    in 

'  Mvers.  V.  C  and  B.iilev.  C.  \'.,  /.  Biol.  Chem.,  1916.  x.xiv,  147. 
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Each  side  of  pan- 
creas   painted 
three  times. 

Each  side  of  pan- 
creas   painted 
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the  several  paintings  in  each  of  the  five  experiments  in  Table  II 
was  generally  smaller  than  those  used  in  the  experiments  of  a  single 
painting  in  Table  I.  The  rise  of  the  blood  sugar  in  the  experiments 
of  Table  II  is  as  follows:  0.02,  0.05,  0.03,  0.09,  and  0.04  per  cent. 
The  highest  percentages  of  sugar  in  the  urine  in  these  experiments 
were:  6.95,  4.36,  trace,  3.08,  and  3.57.  The  increase  of  the  blood 
sugar  is  about  the  same  in  both  tables.  The  glycosuria  generally 
ran  higher  in  the  second  series  of  experiments. 

A  consideration  of  both  series  shows  that  our  experiments  bear  out 
in  a  general  manner  the  statement  made  by  Herter,  that  in  the  ma- 
jority of  the  cases  (nine  out  of  twelve  of  our  animals)  painting  the 
pancreas  with  adrenalin  is  followed  by  glycosuria,  and  further,  the 
amount  of  the  glycosuria  varies  in  different  experiments.  However, 
our  results  do  not  support  unqualifiedly  the  results  presented  by 
Herter  and  the  views  expressed  by  him.  As  regards  glycosuria  pro- 
duced by  adrenalin,  Herter  states  that  subcutaneous  administration 
produces  the  least  amount,  intraperitoneal  the  next  highest  amount, 
and  painting  the  pancreas  the  highest  amount.  The  impression 
conveyed  is  that  painting  the  pancreas  will,  as  a  rule,  produce  high 
glycosuria,  10  per  cent  and  higher.  Thus  in  one  experiment  14  per 
cent  was  found,  while  the  slighter  glycosuria  produced  was  excep- 
tional and  rarely  the  conditions  failed  entirely.  Now  our  experiments 
give  rather  the  opposite  impression.  Thus  in  one  instance  only  did 
the  glycosuria  approach  7  per  cent,  while  in  another  it  was  about  5 
per  cent.  On  the  other  hand,  of  the  twelve  experiments,  three  gave 
no  glycosuria  or  a  mere  trace.  In  seven  experiments  the  glycosuria 
was  small  or  at  least  not  high.  The  average  of  the  twelve  experiments 
was  2.23  per  cent.  In  other  words,  we  found  the  glycosuria  following 
painting  of  the  pancreas  with  adrenalin  a  less  striking  phenomenon  and 
we  are  not  convinced  that  it  differs  from  the  similar  condition  which 
follows  the  subcutaneous  or  intraperitoneal  injection  of  the  drug. 
Two  more  points  must  be  considered.  First,  we  employed  larger 
amounts  of  adrenalin  than  apparently  did  Herter  and  his  coworkers. 
Second,  in  most  experiments  we  removed  the  connective  tissue  and 
the  thin  membrane  from  the  part  of  the  pancreas  which  was  to  be 
painted  with  adrenalin,  a  device  which  according  to  Herter^  is  "apt 
to  be  most  efi'ective." 

*  Herter,  C.  A.,  and  Wakcman,  A.  J.,   7V.  Assn.  Am.  Phys.,  190.2,  xvii,  .S77. 
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The  experiments  we  have  made  would  seem  not  to  support  the 
chief  contention  of  Herter  that  the  "pronounced  nature  of  the  gly- 
cosuria following  intraperitoneal  injections  appears  to  be  mainly 
attributable  to  the  adrenalin  which  comes  into  contact  with  the 
pancreas." 

Although  A'osburgh  and  Richards^  adopt  the  view  of  Herter  that 
the  glycosuria  produced  by  injection  of  adrenalin  into  the  peritoneal 
cavity  is  of  pancreatic  origin,  they  do  not  mention  the  point  in  the 
conclusion.  As  already  stated,  these  authors  studied  only  the  effects 
of  adrenalin  upon  glycemia.  They  made  only  three  experiments, 
using  large,  toxic  doses  of  the  adrenalin  solutions  intraperitoneally; 
one  animal  died  in  24  hours.  We  wish  now  to  compare  the  hyper- 
glycemia obtained  in  our  experiments  by  painting  the  pancreas  with 
the  results  obtained  by  Vosburgh  and  Richards.  Their  Table  I  con- 
tains five  such  experiments  of  which  the  main  facts  are  reproduced  in 
our  Table  III. 

The  blood  sugar  rises  in  their  experiments  are:  0.102,  0.118,  0.280, 
0.240.  and  0.052  per  cent.  Except  in  one  experiment  (No.  7)  the 
rise  in  the  blood  sugar  is  therefore  considerably  higher  than  that  ob- 
tained in  our  twelve  experiments.  The  average  increase  in  our  ex- 
periments is  0.054  per  cent;  the  average  increase  in  those  of  Vosburgh 
and  Richards  is  0.158  per  cent;  thus  the  average  of  our  experiments 
is  about  one-third  that  of  Vosburgh  and  Richards.  The  doses  of 
adrenahn  employed  in  four  of  their  experiments  were  larger  than  those 
in  ours.  Analysis  shows,  however,  that  the  quantity  of  adrenalin 
employed  by  them  did  not  exert  an  unmistakable  effect  upon  the 
blood  sugar.  Thus  in  Experiment  4,  in  which  4  cc.  of  adrenahn  were 
used,  the  increase  amounted  only  to  0.118  per  cent,  while  in  Experi- 
ment 6,  in  which  only  2  cc.  were  used,  the  rise  was  0.240  per  cent. 
Other  points  of  difference  between  the  methods  employed  by  Vos- 
burgh and  Richards  and  by  ourselves  exist.  The  amount  of  blood 
withdrawn  for  each  analysis  is  one  of  these  points.  Vosburgh  and 
Richards  undoubtedly  have  withdrawn  much  larger  quantities  of 
blood  than  we  have  withdrawn  in  our  experiments.  Possibly  this  is 
a  contributing  factor  in  their  finding  higher  blood  sugar  than  we 
found.^     The  other  possibility  of  a  deeper  anesthesia  and  some  de- 

^  For  example,  see  Rinderspacher,  K.,  Biochcm.  Z.,  1910,  ,\.\vii,  67-72. 
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TABLE    in. 


Blood  Sugar  Content  in  Five  Experiments  on  Painting  the  Pancreas  unth  Adrenalin 
from  Table  I  of  Vosburgh  and  Richards  {Abbreviated). 


1 

Id 

Time  whe 

1  blood  was  withdrawn. 

Sugar. 

Remarks. 

per  cent 

3 

3.00  p.m. 

Normal 

0.112 

Etherization    continued     throughout 

3.15    " 

7  min.  after  painting.. 

0.182 

e.Kperiment;     3    cc.    of     adrenalin 

3.23    " 

15     "      "          "       .. 

0.178 

chloride  solution  (1:  1,000)  applied 

3.38    " 

30     "      "          "       .. 

0.188 

to  pancreas  with  brush  at  3.08  p.m. 

4.08    " 

Ihr.       "          "       .. 

0.204 

5.06    " 

2hrs.      "          "       .. 

0.214 

6.00    " 

3   " 

0.165 

4 

7.55  p.m. 
8.17    " 

0.173 

Etherized  from  7.45  p.m.  till  end  of 
experiment;    4    cc.    of    adrenalin 

5  min.  after  painting.. 

8.27    " 

15     "      "          "       .. 

0.277 

chloride  solution  (1;  1,000)  painted 

8.42    " 

30     "      "          "       .. 

0.237 

on  surface  of  pancreas  at  8.12  p.m. 

9.12    " 

1  hr.       "          "       .. 

0.291 

10.12    " 

2hrs.      "          "       .. 

0.256 

=; 

10  45  a  m 

0  239 

Ether  given  throughout  experiment; 
3  cc.  of  adrenalin  chloride  (1 ;  1,000) 

11.00    " 

5  min.  after  painting.. 

0.291 

11.10    " 

15      "      "          "       .. 

0.354 

applied  at  10.55  a.m. 

11.25    " 

30     "      "          "       .. 

0.388 

11.54    " 

1  hr.       "          "       .. 

0.433 

12.54  p.m. 

2hrs.      "          "       .. 

0.477 

1.54    " 

3    "        "          "       .. 

0.519 

2.55    " 

4   "        "          "       .. 

0.465 

6 

4.52  p.m. 

Normal 

0.131 

Ether  given  throughout  experiment; 

5.05    " 

5  min.  after  painting.. 

0.205 

2  cc.  of  adrenalin  chloride  solution 

5.15    " 

15     "      "          "       .. 

0.217 

(1:1,000)  applied  to  pancreas  at Js 

5.30    " 

30     "      "          "       .. 

0.264 

p.m. 

6.00    " 

1  hr.        "          "       .. 

0.315 

7.00    " 

2hrs.      "          "       .. 

0.371 

7 

3.34  p.m. 
3.49    " 

0.154 

Ether  given  throughout  experiment; 
3  cc.  of  adrenalin  solution  applied 

6  min.  after  painting.. 

0.192 

4.01    " 

18     "      "          "       .. 

0.173 

to  pancreas  at  3.43  p.m. 

4.22    " 

39     "      " 

0,191 

4.58    " 

1  hr.,  15  min.  after 

0.206 

5.43  p.m. 

2  hrs.  after  painting. .  . 

0.143 

6.37    " 

3   "      "            "      ... 

0.169 
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gree  of  asphyxia  (factors  which  tend  to  increase  the  amount  of  blood 
sugar)  is  eliminated  by  the  statement  of  Vosburgh  and  Richards 
that  "care  was  taken  to  keep  the  anesthesia  as  light  and  as  constant 
as  possible."  The  differences  in  the  method  of  analysis  employed  by 
Vosburgh  and  Richards  (precipitation  by  phosphotungstic  acid  and 
determination  of  sugar  by  the  AUihn  method),  and  by  ourselves 
(Lewis-Benedict  method)  cannot  be  responsible  for  the  variations  in 
our  results. 

However  that  may  be,  we  are  Justified  in  pointing  out  the  fact 
that  the  production  of  hyperglycemia  by  painting  the  pancreas  with 
adrenalin  in  our  experiments  was  not  of  unusual  degree.  There  is 
reason  to  doubt  that  the  glycosuria  and  the  increase  in  the  hypergly- 
cemia thus  produced  are  greater  than  would  have  been  produced  by 
the  application  of  adrenalin  to  any  other  part  of  the  peritoneal  cavity. 
We  have  not  established  by  direct  experiments  the  degree  of  hyper- 
glycemia and  glycosuria  which  is  produced  by  painting  some  other 
surface  of  the  peritoneal  cavity  which  would  have  entitled  us  to  a 
direct  comparison  between  painting  the  two  surfaces. 

On  the  other  hand,  we  have  ascertained  definitely  that  the  hyper- 
glycemia and  glycosuria  produced  by  intraperitoneal  injection  of 
adrenahn  is  not  of  pancreatic  origin.  We  have  isolated  in  two  series 
of  experiments  a  part  of  the  pancreas  in  such  a  way  (1)  that  the 
adrenalin  applied  to  the  pancreas  could  not  find  its  way  to  other 
parts  of  the  peritoneal  cavity  at  all  or  to  any  extent,  and  (2)  that  the 
adrenalin  injected  into  the  peritoneal  cavity  could  not  reach  the  iso- 
lated part  of  the  pancreas.  Table  IV  records  the  experiments  in 
which  the  isolated  pancreas  was  painted  with  adrenalin. 

In  the  experiments  in  which  the  adrenalin  was  painted  on  the  pan- 
creas and  was  prevented  from  coming  in  contact  with  any  other  part 
of  the  peritoneum  the  rise  of  blood  sugar  was:  0.02,  0.04,  0.02,  0.06, 
0.02,0.01,0.04,  and  0.07  per  cent,  giving  an  average  of  0.035  per  cent, 
which  is  about  two-thirds  that  obtained  when  the  adrenalin  was  ap- 
plied to  a  pancreas  remaining  in  contact  with  the  rest  of  the  perito- 
neum. The  glycosurias  were:  0,  1.08,  0,  0,  2.66,  0.57,  0.7,  and  0  per 
cent,  with  an  average  of  0.63,  which  is  less  than  one-third  the  average 
of  the  glycosurias  obtained  when  the  painted  pancreas  remained  uniso- 
lated  from  the  peritoneum.     These  figures  indicate  that  the  increases 
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Procedure     similar 
to  that  for  No.  14, 
except   that    the 
duodenum, 
wrapped  in  rub- 
ber   tissue,    was 
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side.    Each   side 
painted        three 
times.     Dog  dy- 
ing   next    morn- 
ing. 
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in  glycosuria  and  hyperglycemia  observed  after  intraperitoneal  injec- 
tions are  not  of  pancreatic  origin,  the  effects  of  the  painting  being 
much  smaller  when  the  organ  is  isolated  from  the  peritoneum.  This 
conclusion  becomes  even  more  evident  when  one  examines  the  results 
of  the  few  experiments  given  in  Table  V,  in  which  adrenalin  was  in- 
jected intraperitoneally  while  the  pancreas  was  isolated. 

The  rise  in  blood  sugar  in  this  table  is:  0.06,  0.05,  and  0.01  per 
cent,  the  average  being  0.04  per  cent.  The  glycosurias  are:  6.0,  0.0, 
and  0.5  per  cent,  the  average  being  2.2  per  cent.  The  number  of 
these  e.xperiments  is  too  small  to  permit  of  a  definite  decision,  yet  the 
conclusion  is  in  harmony  with  that  drawn  from  the  e.xperiments  of 
Table  IV;  namely,  that  the  hyperglycemia  and  glycosuria  observed 
after  intraperitoneal  injections  are  not  of  pancreatic  origin. 

For  the  sake  of  clearness  the  averages  of  the  amounts  of  urine  and 
of  blood  sugar  noted  in  Tables  I  to  V  are  presented  in  Table  VI. 


Averages  of  Glycosuria  and  Rise  of  Blood  Stigar  Due  to  the  Applicalion  of 
Adrenalin. 


Averages. 

'Mode  of  application. 

Glycosuria. 

Blood  sugar 

Our  12  experiments  (Tables  I 
and  II). 

Painting  unisolated  pancreas. 

per  cent 

2.23 

per  cent 

0.054 

Our  8  experiments  (Table  IV). 

Painting  isolated  pancreas. 

0.63 

0.035 

Our  3  experiments  (Table  V). 

Intraperitoneal  injections;  pan- 
creas isolated. 

2.2 

0.04 

Vosburgh  and  Richards'  5  ex- 
periments (Table  III). 

Painting  unisolated  pancreas. 

0.158 

DISCUSSION   AND    CONCLUSIONS. 


After  Blum's  discovery  of  the  production  of  glycosuria  by  the  sub- 
cutaneous injection  of  adrenal  extract,  Herter  has  the  merit  of  having 
found  that  injection  of  adrenalin  into  the  peritoneal  cavity  also  pro- 
duces glycosuria;  this  is  an  undeniable  fact.  Concerning  Herter's 
claim  that  intraperitoneal  injection  gives  a  higher  degree  of  glycosuria 
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than  subcutaneous  or  intravenous  injection,  we  offer  no  comment 
since  we  have  made  no  observations  on  the  glycosuric  effect  of  sub- 
cutaneous injection  of  adrenalin,  while  we  have  made  only  three  ex- 
periments by  intraperitoneal  injection.  The  most  we  can  predicate 
on  the  basis  of  the  present  experiments  is  that  intraperitoneal  injec- 
tion of  adrenalin  produces  a  somewhat  higher  degree  of  glycosuria 
than  could  be  anticipated.  However,  in  an  earlier  study  carried  out 
several  years  ago^  we  arrived  at  the  conception  that  the  more  slowly 
adrenalin  was  absorbed  from  the  tissues  into  the  circulation,  the 
greater  was  its  glycosuric  effect;  hence  an  intramuscular  injection, 
which  in  its  effect  is  nearly  equal  to  that  of  an  intravenous  injection, 
induced  a  glycosuria  definitely  smaller  than  that  set  up  by  a  similar 
dose  administered  subcutaneously.  Unless  the  absorption  from  the 
peritoneal  cavity  is  shown  to  be  different  from  the  absorption  from 
subcutaneous  injections,  there  could  be  no  reason  to  assume  that  the 
glycosuric  effect  of  intraperitoneal  injection  is  much  greater  than  that 
of  subcutaneous  injection.  We  might  add  that  our  former  experi- 
ments do  not  support  Herter's  view  that  subcutaneous  injection  of 
adrenalin  yields  only  slight  degrees  of  glycosuria,  because  it  is  largely 
oxidized  before  entering  the  circulation.  A  difference  exists  in  the 
effects  upon  blood  pressure  and  upon  sugar  production,  depending  upon 
the  mode  of  administration  of  adrenalin.  With  regard  to  the  sugar 
production,  a  subcutaneous  injection  has  a  definitely  greater  effect 
than  an  intravenous  injection;  with  regard  to  the  blood  pressure  effect, 
however,  the  opposite  is  true.  Herter  states  that  an  intraperitoneal 
injection  of  adrenalin  exerts  a  smaller  effect  upon  blood  pressure 
than  an  intravenous  injection — a  fact  which  Auer  and  Meltzer  can 
confirm  for  the  rabbit.' 

Our  experiments  lead  us  to  conclusions  which  do  not  conform  to 
those  of  Herter.  It  will  be  recalled  that  Herter  and  his  coworkers 
state  first,  that  painting  the  pancreas  causes  a  marked  glycosuria  and 
hyperglycemia,  and,  second,  that  the  glycosuria  and  hyperglycemia 
produced  by  intraperitoneal  injections  are  of  pancreatic  origin;  that 
is,  they  are  produced  by  the  adrenalin's  coming  in  contact  with  the 
pancreas.     In  our  experiments  tabulated  in  Table  IV,  in  which  the 

^  Kleiner,  I.  S.,  and  Meltzer,  S.  J.,  J.  Exp.  Med.,  1913,  xviii,  190. 
'  Auer,  J.,  and  Meltzer,  S.  J.,  unpublished  observations. 
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pancreas  was  isolated  from  the  rest  of  the  peritoneal  cavity,  the  gly- 
cosuria was  about  one-third,  and  the  rise  in  blood  sugar  about  two- 
thirds  that  obtained  by  painting  the  unisolated  pancreas.  Hence 
two  facts  may  be  deduced:  first,  that  the  painting  of  the  isolated 
pancreas  produces  only  mild  glycosuria  and  h}T3erglycemia,  and, 
second,  that  the  greater  production  of  sugar  observed  after  the  paint- 
ing of  the  unisolated  pancreas  cannot  be  of  pancreatic  origin.  Indeed, 
our  experiments  point  rather  to  the  conclusion  that  the  larger  produc- 
tion of  sugar  after  painting  the  unisolated  pancreas  is  due  to  the  fact 
that  a  large  part  of  the  adrenalin  escapes  to  the  peritoneum.  The 
last  mentioned  view  is  supported  by  the  statement  of  Herter  and 
Wakeman^  that  "  applications  to  the  kidney  are  apt  to  yield  more  sugar 
than  similar  application  to  the  Kver,  intestine,  spleen,  or  brain,  but 
the  glycosuria  is  less  marked  than  after  the  pancreas  has  been  painted." 
Emerson  and  one  of  us  had  shown  that  a  dissolved  substance  painted 
upon  a  kidney  with  an  intact  membrane  is  incapable  of  penetrating 
the  membrane  and  affecting  the  kidney,  or  even  incapable  of  entering 
the  circulation,  except  when  the  solution  escapes  to  other  parts  of  the 
peritoneum.'  It  was  this  observation  which  led  to  the  suggestion 
that  the  effects  observed  by  Herter  of  painting  the  pancreas  might 
have  been  due  to  the  escape  of  adrenalin  to  the  celiac  gangUon.  This 
point  has  not  been  directly  tested,  but  several  experiments  were  per- 
formed in  which  the  adrenals  were  painted  with  the  effect  on  sugar 
production  apparently  as  intense  as  that  obtained  by  painting  the 
unisolated  pancreas.  However  this  may  be,  and  whether  the  pro- 
duction of  sugar  after  painting  the  unisolated  pancreas  is  due  to  the 
escape  of  adrenalin  to  some  definite  organ  covered  by  the  peritoneum 
(celiac  ganghon  or  adrenals)  or  whether  the  peritoneum  as  a  whole  is 
responsible  for  the  sugar  production,  it  appears  that,  when  sugar  pro- 
duction follows  the  intraperitoneal  injection  of  adrenalin,  it  is  not  of 
pancreatic  origin. 

*  Herter  and  Wakeman,  Tr.  Assn.  Am.  Phys.,  1902,  xvii,  578,  foot-note. 

«  Emerson  and  Meltzer,  S.  J.,  cited  in  Tr.  Assn.  Am.  Phys.,  1902,  x\-n,  595. 
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(Received  for  publication,  April  3,  1918.) 

An  accurate  knowledge  of  the  varieties  of  spirochetal  organisms 
which  normally  inhabit  the  smegma  or  the  mucous  membranes  of  the 
urogenital  region  has  become  imperative  for  the  establishment  of  an 
etiological  relationship  between  a  spirochete  and  a  disease  in  which 
the  organism  may  be  found  in  the  urine. 

The  classic  work  of  Inada,  Ido,  Hoki,  and  others'  on  the  presence  oi  Leptospira 
icterohcemorrhagia  in  the  urine  of  convalescents  from  infectious  jaundice  has  in- 
troduced a  new  procedure  by  which  the  disease  may  be  easily  diagnosed,  and  it  is 
natural  that  a  similar  procedure  should  be  followed  in  the  search  for  an  etiological 
agent  in  other  diseases  of  infectious  origin. 

Attention  has  been  directed  by  Martin,-  Nankivell  and  Sundell,'  and  Pat- 
terson'' to  the  urine  in  cases  of  trench  fevers.  In  fact,  Nankivell  and  Sundell 
early  demonstrated  minute  spirochetes  in  specimens  of  urine  from  soldiers  suf- 
fering from  so  called  trench  fever.  Of  26  patients,  most  of  them  suffering  from  a 
"five-day  fever,"  99  specimens  were  e.xamined,  with  29  positive  findings.  Spiro- 
chetes were  found  in  12  out  of  15  typical  cases,  while  none  of  the  8  controls  showed 
a  spirochete  (Fig.  i2).  The  investigators  considered  the  possibility  of  contamina- 
tion of  the  urine  from  the  smegma  or  from  preputial  sources,  but  it  seemed  to 

'  Inada,  R.,  Ido,  Y.,  Hoki,  R.,  Kaneko,  R.,  and  Ito,  H.,  Etiology,  mode  of  in- 
fection, and  specific  therapy  of  Weil's  disease  (spirochaetosis  icterohaemorrhagica) , 
/.  Exp.  Med.,  1916,  x.xiii,  377. 

^  Martin,  C.  J.,  quoted  by  Nankivell  and  Sundell.^ 

'  Nankivell,  A.  T.,  and  Sundell,  C.  E.,  On  the  presence  of  a  spirochaete  in  the 
urine  in  cases  of  trench  fever,  Lancet,  1917,  ii,  672. 

*  Patterson,  S.  W.,  Preliminary  note  on  spirochaetes  occurring  in  the  urine 
in  cases  of  "P.  U.  O.,"  J.  Roy.  Army  Med.  Corps,  1917,  xxix,  503;  Spirochastes 
occurring  in  the  urine  in  cases  of  "pyrexia  of  unknown  origin,"  Brit.  Med.  J.,  1917, 
ii,  418. 
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them  improbable  that  the  spirochetes  came  from  these  sources,  since  the  urine 
usually  contained  the  minute  spirochetes  unaccompanied  by  the  coarse  Spiro- 
nema  refriiigcns,  and  in  case  of  contamination  the  presence  of  the  large  varie- 
ties was  to  have  been  expected.  Moreover,  in  some  positive  instances  no  spiro- 
chetes could  be  discovered  in  the  smegma.  The  occurrence  of  spirochetes  in  the 
urine  was  not  constant,  that  is,  not  detectable  on  successive  occasions,  but  was 
recurrent  at  irregular  intervals.  A  certain  relation  seemed  to  e.xist  between  the 
appearance  of  spirochetes  in  the  urine  and  the  height  of  pyrexia,  spirocheturia 
occurring  usually  24  hours  after  the  height  of  fever.  In  still  other  cases  they 
appeared  on  the  14th  to  the  16th  day.  They  were  actively  motile,  averaged 
8.15  fjL  in  length  and  0.3  M  in  width,  with  an  average  of  five  curves;  i.e.,  varying 
from  two  and  a  half  curves  in  5 /li  to  ten  curves  in  12.5  yu.  The  spirals  varied  in 
depth.  The  extremities  tapered  to  sharp  points  with  a  flagellum  at  one  or  both 
ends.  The  organism  differed  from  Treponema  pallidum  in  its  shortness  and  its 
fewer  spirals. 

Patterson,  using  the  Fontana,  Wilmaers-Renaux,^  and  India  ink  methods,  ex- 
amined specimens  of  urine  from  various  groups  of  trench  affections,  3  cases  of 
trench  nephritis,  1  case  of  pyelonephritis,  with  abscess  of  the  lungs,  15  cases  of 
relapsing  type  of  pxTexia  of  unknown  origin,  1  case  of  myalgia  following  pyrexia 
of  unknown  origin,  and  5  cases  of  appendicitis  (?)  not  yet  di.ignosed,  finding 
spirochetes  with  the  following  features:  They  were  about  one  to  one  and  a  half 
times  the  diameter  of  a  red  blood  corpuscle,  very  thin,  with  tapering  extremities, 
some  having  five  to  eight  more  or  less  regular  curves,  some  being  straight,  some 
bowed,  or  lying  in  a  semicircle  (Fig.  33).  The  spirals  were  not  so  fine  as  those 
of  Treponema  pallidum  or  so  coarse  as  those  of  Spironema  recurrentis.  The  or- 
ganisms took  Giemsa's,  Leishman's,  or  Romanovsky's  stain  poorly  but  were 
easily  demonstrated  by  the  Indian  ink  method.  Patterson  depicts  the  spiro- 
chetes found  in  the  abdominal  type  of  cases  as  rather  closely  wound,  short,  thick 
forms,  and  those  found  in  the  relapsing  type  as  much  more  tightly  coiled.  Little 
attention  was  given  to  control  cases. 

The  main  objection  to  the  work  of  the  British  investigators  has  been  the  pos- 
sibility of  an  accidental  contamination  of  the  urine  by  unclean  surroundings. 
Many  have  insisted  upon  the  necessity  of  collecting  specimens  by  catheteriza- 
tion. The  investigation  of  Stoddard*  brought  out  an  unsuspected  source  of 
spirochetes  in  the  periurethral  as  well  as  the  intraurethral  region  of  the  male 
genitalia.  After  examining  50  healthy  soldiers  and  50  miscellaneous  hospital 
patients  without  history  or  symptoms  of  relapsing  fever  (trench  fever),  Stoddard 
drew  the  conclusion  that  (1)  spirochetes  are  not  uncommon  organisms  in  the 
urethra  of  men  without  history  or  symptoms  of  relapsing  fever;  (2)  many  dif- 

^Wilmaers,  L.,  and  Renaux,  E.,  Quarante-sept  cas  de  Spirochetose  ictero- 
hemorragique.  Arch.  med.  Beiges,  1917,  l.\x,  115,  207. 

°  Stoddard,  J.  L.,  Occurrence  of  spirochetes  in  the  urine,  Bril.  Mei.  J.,  1917, 
ii,416. 
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ferent  varieties  are  found ;  (3)  some  of  the  varieties  seen  are  morphologically  closely 
similar  to  pathogenic  varieties;  (4)  the  spirochetes  occur  so  definitely  within 
the  urethra  that  they  are  an  obvious  source  of  contamination  in  uncatheterized 
specimens  of  urine;  (5)  they  are  a  sufficiently  dangerous  source  of  error  even  in 
catheterized  specimens  to  deserve  attention  in  careful  work;  and  that  finally 
(6)  it  is  possible  that  a  staining  reaction  or  some  other  morphological  character 
may  be  discovered  to  difEerentiate  microscopically  the  common  and  harmless 
from  the  pathogenic  spirochetes.  Of  50  hospital  cases  56  per  cent  showed  spiro- 
chetes, of  w-hich  46  per  cent  were  not  Spironema  refringens.  Of  50  American 
soldiers  spirochetes  in  the  urethra  occurred  in  22  per  cent,  2  per  cent  of  which 
showed  Spironema  refringens  also.  Films  from  periurethral  parts  contained 
more  of  the  coarse  refringens  type. 

The  spirochetes  found  by  Stoddard  measured  from  3.75  to  22  n,  more  com- 
monly 6.75  to  9yu,  but  11  /u  was  not  uncommon.  They  were  either  moderately 
thick  or  e.xtremely  slender.  The  ends  tapered  or  w-ere  blunt  and  formed  a  hook. 
The  spiral  length  varied  from  0.5  to  1  /x.  Flattened  and  longer  spirals  also  oc- 
curred, averaging  1 .5  to  i.i  n  and  as  long  sometimes  as  4  /i.  Stoddard  states  that 
a  type  with  about  eleven  curves  in  7.5  yu  occurs  frequently,  but  I  have  not  been, 
able  to  verify  this  finding.  In  some  cases  the  spirals  were  exceedingly  close  and 
fine  and  almost  impossible  to  count.  They  were  often  irregular,  the  deep  narrow, 
deep  wide,  flat  narrow,  and  flat  wide  types  of  spirals  sometimes  occurring  simul- 
taneously in  the  same  organism.  The  middle  portion  sometimes  had  looser 
coils  or  none  at  all.  In  one  film  many  different  varieties  were  often  present, 
including  frequently  organisms  similar  to  Leptospira  icterohcemorrhagicB? 

Obviously  it  is  not  simple  to  interpret  what  one  sees  in  the  rich 
spirochetal  material  as  described  by  Stoddard,  who  sees  in  it  many 
different  varieties,  including  the  leptospira  type.  But,  as  this  ar- 
ticle is  intended  to  show,  a  critical  analysis  of  the  spirochetal  ilora 
reduces  the  number  of  varieties  to  not  more  than  three,  or  at  most 
four;  namely,  Spironema  refringens,  Treponema  calligyrum,  and  Tre- 
ponema minutum,  n.  sp. 

Since  the  time  of  Schaudinn  and.  Hoffmann  a  coarse  spirochete 
designated  by  them  Spirochcrta  refringens  has  been  known  to  inhabit 
the  genital  region,  but  no  particular  attention  has  been  given  to  the 
possibihty  of  the  existence  of  other  varieties.  It  was  not  until  the  sub- 
ject was  taken  up  not  only  from  the  morphological  but  also  from  the 
cultural  standpoint  that  some  interest  came  to  be  attached  to  these 

'  Xoguchi,  H.,  Spirochcrta  icterohcemorrhagice  in  American  wild  rats  and  its 
relation  to  the  Japanese  and  European  strains.  First  paper,  /.  Exp.  Med.,  1917, 
XXV,  755. 
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spirochetes.  In  the  present  work  a  strain  of  Spironema  refringens 
was  isolated  and  its  morphological  and  cultural  features  studied, 
thus  establishing  its  entity  as  a  species.  Later  a  strain  of  spiro- 
chete {Treponema  calligyrum)  was  obtained  from  a  condyloma,  which 
resembled  Treponema  pallidum  on  the  one  hand  and  Spironema 
refringens  on  the  other,  being  an  intermediary  organism  in  its  morpho- 
logical and  cultural  characteristics.  Subsequent  observations  have 
led  me  to  regard  this  particular  species  as  one  of  the  most  common 
varieties  that  are  found  in  the  flora  of  the  smegma  or  of  the  urethral 
region.  In  fact,  Treponema  calligyrum  is  more  frequently  met  with 
than  the  better  known  coarse  Spironema  refringens.  There  is,  in 
addition  to  these  two  varieties,  another,  much  smaller  spirochete 
in  the  genital  flora,  which  will  be  described  in  a  subsequent  para- 
graph. These  three,  the  minute,  medium,  and  coarse  types,  con- 
stitute the  spirochetal  flora  which  at  first  glance  present  such  a 
complex  aspect. 

The  smegma  and  urethral  films  from  six  soldiers  who  were  ad- 
mitted to  the  Hospital  of  The  Rockefeller  Institute  for  treatment  for 
pneumonia  have  been  examined.'  The  specimens  were  examined  in 
fresh  condition  under  the  dark-field  microscope  and  also  as  stained 
preparations.  For  staining  methods  Giemsa's  stain,  Fontana's  silver 
impregnation,'  and  occasionally  Benians'  Congo  red  negative  im- 

'  These  specimens  were  obtained  through  the  courtesy  of  Captain  Henry  T. 
Chickering. 

^  (a)  FLx  the  air-dried  film  in  Solution  1,  which  consists  of 

Glacial  acetic  acid 8 

Formalin 20 

Distilled  water 100 

for  1  minute  and  wash  well  with  water.  (A)  Mordant  with  Solution  2,  which 
consists  of 

Tannin S  gm. 

Phenol 1  cc. 

Water 100    " 

for  1  minute  over  a  gentle  flame  to  the  point  of  steaming,  then  wash  thoroughly 
in  water,  (f)  Treat  in  a  0.25  per  cent  silver  nitrate  solution  to  which  one  drop 
of  ammonia  is  added  to  40  cc.  of  the  solution.  The  film  turns  brown  in  a  few 
minutes.  Wash  in  water  and  then  (d)  cover  with  the  mordant  and  warm  it 
over  a  flame  until  it  begins  to  steam.     Then  wash  the  film  in  water  and  dry. 
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pression  method  were  employed;'"  also  a  mordant  staining  recom- 
mended by  me  for  various  spirochetfes,  including  Treponema  pallidum. 
The  method  is  similar  to  that  advanced  by  Wilmaers  and  Renaux, 
but  seems  to  give  a  better  color  value  on  account  of  the  use  of 
gentian  violet  instead  of  fuchsin.  The  film  is  fixed  in  methyl  alco- 
hol for  15  minutes,  then  after  being  washed  in  water  is  covered  with 
a  solution. of  mordant  (5  per  cent  tannin  plus  1  per  cent  phenol) 
and  held  over  a  gentle  flame  for  1  minute,  during  which  time  it 
begins  to  steam.  It  is  again  washed  in  running  water,  covered 
with  a  strong  aqueous  solution  of  gentian  violet  to  which  1  per  cent 
phenol  has  been  added,  and  steamed  briefly  over  a  flame,  then  washed 
well  in  water,  air-dried,  and  examined.  This  method  gives  excel- 
lent results  also  with  the  pallidum.  Care  must  be  taken  not  to 
make  too  thick  a  film. 

The  number  of  cases  examined  was  small,  but  the  finding  was 
such  that  it  was  sufficient  to  determine  the  average  flora  in  male 
genitalia.  The  varieties  of  spirochetes  encountered  in  most  of  the 
smegma  were  the  same  as  those  found  in  one.  All  contained  Tre- 
ponema calligyrum  and  Treponema  minutum,  n.  sp.,^^  and  most  of 
them  Spironema  refringens.  although  the  latter  was  absent  in  some 
cases. 

No  spirochetes  were  found  in  the  films  made  from  the  urethral 
mucosa  by  means  of  a  platinum  loop.  Just  where  the  fault  in  the 
technique  lay  I  am  unable  to  explain.  The  finding-  was  uniformly 
negative  also  with  the  specimens  of  urine  from  ten  soldiers.  With 
the  idea  that  in  nephritis  cases  there  might  be  more  possibility  of 
encountering  spirochetes  in  the  urine,  ten  different  specimens  from 
acute  as  well  as  chronic  cases  of  nephritis  were  subjected  to  a  care- 
ful examination,  but  with  no  positive  finding  as  yet.'-     In  Table  I 

'"  .\  few  drops  of  a  2  per  cent  Congo  red  solution  (filtered)  are  niLxed  with  a 
drop  of  the  material  suspected  of  containing  a  spirochete  and  spread  over  a  clean 
slide  to  form  a  film.  The  slide  after  being  air-dried  is  immersed  in  a  jar  of  ab- 
solute alcohol  containing  1  per  cent  hydrochloric  acid.  In  a  few  minutes  the  red 
color  of  the  film  turns  to  a  bluish  tint.  The  slide  is  then  removed  from  the 
acid  alcohol  and  air-dried. 

"  Noguchi,  H.,  Morphological  characteristics  and  nomenclature  of  Leptospira 
{Spirochceta)  icterohamorrhagia  (Inada  and  Ido),  J.  Exp.  Med.,  1918,  .x.xvii,  575. 

'-The  specimens  used  in  these  tests  were  obtained  through  the  courtesy  of 
Dr.  W.  W.  Palmer  of  the  Presbyterian  Hospital. 
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are  recorded  some  of  the  results  obtained  in  the  present  study.  There 
are  at  least  three  different  varieties  distinguishable  in  the  photo- 
micrographs or  under  the  dark-field  microscope,  a  minute  {miiiutum), 
a  medium  {calUgyrum) ,  and  a  large  {refringens)  t>'pe.  Their  bioraetric 
characteristics,  as  encountered  in  twenty-five  specimens  of  each  type, 
are  given  in  Table  I. 


Length. 

Thickness. 

Spiral  amplitude 
and  intervals. 

Spiral  depth. 

Av- 

E,x- 

or  waves. 

erage. 

tremes. 

Minute  type. 

7-10;. 

3-14m 

0. 25-0. 3m 

0.9- 1m.  Fair- 
ly regular 
intervals. 

0.2-0  5m. 
Some   may 
reach  1m  in 
penultimate 
spirals. 

7-10    spirals; 
vary       ac- 
cording   to 
length. 

Medium  type. 

9-I2m 

4-14m 

0.3S-0.4M 

1.75m.    Usu- 
ally fairly 
regular; 
that  is,  a 
given  am- 
plitude  is 
well  main- 
tained in  a 
specimen. 

0.5-1m.  Often 
flattened 
near       the 
middle     in 
stained 
specimens. 
Reaches 
1.5m         ifi 
some. 

5-8,    varying 
according 
to  the  spi- 
ral    ampli- 
tude; some 
only  3. 

Large  type. 

12-16m 

7-22m 

0,7m 

2-3m.     Usu- 
ally more 
or  less  reg- 
ular. 

0.5-1. 5m. 
Almost  con- 
stant;      in 
live    speci- 
mens chang- 
ing the  po- 
sition of  the 
waves.     In 
stained 
specimens 
often       ir- 
regularly 
flattened 
out. 

3-5;       quite 
variable; 
exception- 
ally 8  in  a 
very     long 
specimen. 

T.  pallidum. 

8-14m 

6-18m 

0.25-0. 3m 

1m 

0.8-1m 

8-14;      some 
16. 
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Some  of  the  dark-field,  as  well  as  the  ordinary  photomicrographs, 
representing  the  minute,  the  medium,  and  the  large  types  are  shown 
in  Figs.  1  to  14.  The  minute  type  is  decidedly  smaller  than  Tre- 
ponema pallidum  and  has  a  larger  number  of  shallower  spirals  in  pro- 
portion to  its  length  (Figs.  1  and  5).  There  are  also  many  short 
specimens  such  as  are  never  found  among  the  pallida.  The  medium 
type  has  an  aspect  like  that  of  atypical  specimens  of  the  pallidum. 
The  spirals  are  fairly  deep  but  not  so  deep  as  those  of  a  typical 
pallidum,  while  the  intervals  between  them  are  wider  (Figs.  2,  5,  6, 
9,  and  10).  All  appear  somewhat  thicker  than  the  pallidum  (Fig. 
21)  when  seen  under  the  dark-field  microscope.  This  does  not 
apply  to  the  specimens  stained  by  mordanting  techniques  (Fontana's 
and  the  writer's),  in  which  there  occurs  often  an  uncontrollable  un- 
even heavy  deposit  of  the  dyes,  due  to  various  external  factors 
(Figs.  5  to  14,  17,  20,  and  22).  Among  organisms  of  the  medium 
type  are  noticed  two  forms,  one  with  more  closely  set  spirals  and  the 
other  with  wider  ones,  but  this  is  due  to  certain  temporary  condi- 
tions and  may  be  made  to  disappear  or  reappear  by  regulation  of 
cultural  conditions.  For  example,  there  will  be  more  of  the  wide, 
flat  spiral  forms  when  the  medium  is  more  fluid.  The  large  type  is 
much  heavier,  comparatively  short,  with  few  spirals,  and  constantly 
changes  its  curves  (Figs.  4  and  8).  The  spirals  of  the  minute  type 
become  readily  obliterated  after  the  death  of  the  organism  (upper 
organism  in  Fig.  8). 

When  fresh  they  all  exhibit  moderately  active  movements,  rotary, 
lashing,  and  forward  and  backward  locomotion.  The  large  type  is 
the  most  energetic  and  the  minute  variety  the  least  so.  In  many  of 
the  large  type  there  is  a  distinct  double  contour  effect  upon  examina- 
tion under  the  dark-field  microscope.  All  are  provided  with  a  ter- 
minal filament  or  flagellum  at  one  or  both  ends. 

As  has  been  noted  before,  not  all  smegmata  contain  a  spirochete, 
and  the  varieties  present  may  all  belong  to  one  or  two  of  the  three 
groups.  As  a  rule,  however,  all  three  types  are  present,  the  medium 
type  usually  predominating. 
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Cultural  Characteristics. 

B}'  selecting  the  smegma  specimens  which  were  rich  in  the  type 
desired,  a  culture  of  each  of  the  three  types  described  was  obtained. 
The  technique  employed  was  similar  to  that  previously  used  for  the 
cultivation  of  Spironema  refringens^^  and  Treponema  calligyrum}* 
All  require  strict  anaerobiosis  (addition  of  fresh  tissue  to  the  media), 
the  presence  of  suitable  body  fluid  (ascitic  fluid),  and  an  optimal 
temperature  (37°C.).  The  growth  in  the  fluid  medium,  consisting 
of  ascitic  fluid  and  a  piece  of  fresh  rabbit  kidney  and  a  layer  of 
paraffin  oil,  is  invisible,  while  in  a  solid  medium,  consisting  of  2  parts 
of  the  neutral  agar  and  1  part  of  ascitic  fluid  with  a  piece  of  the  fresh 
rabbit  kidney  at  the  bottom,  a  faint  haze  appears  to  develop  near 
the  tissue,  gradually  extending  upward  within  a  fortnight.  No  dis- 
crete, circumscribed,  sharp  colonies  have  so  far  been  observed.  In 
this  respect  all  the  strains  obtained  are  analogous  to  the  cultures 
of  various  anaerobic  treponemata  and  spironemata.'^  None  pro- 
duced a  putrefactive  or  offensive  odor,  the  absence  of  odor  from  the 
culture  of  the  minute  type  serving  to  distinguish  it  from  either 
Treponema  microdentium^^  or  Treponema  mucosum}''  Carbohydrates 
added  to  the  culture  media  exert  neither  a  favorable  nor  a  retarding 
influence  upon  growth,  and  no  visible  alterations  of  the  media  result 
from  their  presence. 

In  young  fluid  cultures,  whether  of  the  minute,  medium,  or  large 
type,  the  organisms  are  short  and  active,  but  as  they  grow  older  (2 
weeks)  the  longer  forms,  some  in  chains,  and  some  in  tangled  masses, 
predominate,  their  motility  meanwhile  being  considerably  reduced. 
The  spirals  are  quite  regular  (Figs.  23  to  31).     Very  short  forms  do 

"  Noguchi,  Pure  cultivation  of  Spirochata  refringens,  J .  Exp.  Med.,  1912,  xv, 
466. 

"  Noguchi,  Cultivation  of  Treponema  calligyrum  (new  species)  from  condylo- 
mata of  man,  /.  Exp.  Med.,  1913,  xvii,  89. 

'*  Noguchi,  Experimental  research  in  syphilis  with  especial  reference  to  Spiro- 
chata  pallida  {Treponema  pallidum),  J.  .Am.  Med.  Assn.,  1912,  Iviii,  1163. 

'^  Noguchi,  Cultural  studies  on  mouth  spirochaetae,  Treponema  microdentium 
and  macrodentium,  J.  Exp.  Med.,  1912,  xv,  81. 

"Noguchi,  Treponema  mucosum  (new  species),  a  mucin-producing  spirochaeta 
from  pyorrhea  alveolaris,  grown  in  pure  culture,  /.  Exp.  Med.,  1912,  xvi,  194. 
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not  appear  in  the  solid  media,  the  organisms  appearing  to  attain 
average  length  within  a  short  time.  The  spirals  are  remarkably 
regular  in  solid  media  and  so  deep,  in  the  case  of  the  medium  type, 
as  to  simulate  a  pallidum  (Fig.  29).  In  older  cultures  two,  three,  and 
four  individuals  in  chains  have  occasionally  been  encountered  (Fig. 
27).  Division  in  all  three  types  is  brought  about  by  transverse  and 
perhaps  also  by  longitudinal  fission. 

Identification. 

The  morphological  and  cultural  characteristics  of  the  large  type 
show  it  clearly  to  be  a  Spironema  refringens,  those  of  the  medium  type 
identify  it  with  Treponema  calligyrum.  The  latter  type  may  be  the 
same  organism  as  that  described  by  Levaditi  and  Stanesco'^  in  1909 
as  S pirochata  gracilis,  found  in  a  case  of  balanitis,  but,  as  pointed  out 
previously,  these  authors  used  a  name  already  designating  another 
spironema  from  an  ulcerating  jaw,  which  is  very  different  from  the 
present  medium  type.  The  name  Treponema  calligyrum  was  given  to 
a  non-pathogenic  spirochete  cultivated  from  the  surface  of  a  condy- 
loma, but  subsequent  studies  on  the  spirochetal  flora  of  the  genitalia 
have  convinced  me  that  this  type  is  one  of  the  most  commonly  met 
inhabitants  of  the  genital  region. 

The  minute  type  is  not  unlike  the  minute  spirochete  of  the  mouth, 
Treponema  microdentium,  but  its  cultural  characteristics  differentiate 
it  from  the  latter.  Treponema  microdentium  produces  a  peculiar 
odor,  especially  when  freshly  isolated,  and  in  a  fluid  medium  the  color 
of  the  fresh  tissue  is  made  grayish  within  about  10  days  and  the 
fluid  somewhat  faintly  opalescent.  The  minutum  produces  no  odor 
and  remains  without  any  perceptible  action  upon  the  culture  medium, 
though  in  dimension  there  is  a  general  resemblance. 

In  order  to  determine  whether  these  two  closely  similar  organisms 
are  immunologically  related  to  each  other,  agglutination  tests  were 
undertaken  in  which  the  action  of  a  microdentium  antiserum  (rabbit) 
was  tested  on  both  types.  It  was  found  that  the  serum  caused  a 
marked  agglutination  of  Treponema  microdentium  in  1 :  500  dilution 
but  only  a  slight  one  with  two  different  strains  of  the  minutum,  even 

'5  Levaditi,  C,  and  Stanesco,  V.,  Culture  de  deu.x  spirochetes  de  rhomme 
{Sp.  gracilis  et  Sp.  balanilidis) ,  Compt.  rend.  Soc.  hiol.,  1909,  Ixvii,  188. 
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in  a  dilution  of  1 :  20.  In  this  connection  it  may  be  mentioned  that 
a  calligyrum  serum  (rabbit)  gave  a  Copious  agglutination  with  the 
cultures  of  the  medium  t\pe  in  a  1:  200  dilution,  but  only  a  slight 
one  with  those  of  the  minute  type  in  1 :  20.  There  was  a  partial 
reaction,  but  not  marked  enough  to  render  the  differentiation  of  the 
two  types  difficult. 

In  all  probability  the  minute  smegma  spirochete  has  been  repeat- 
edly observed  by  investigators,  but  no  special  attention  seems  to 
have  been  given  to  its  identity.  I  have  been  accustomed  to  pass  it 
over  as  probably  identical  with  Treponema  microdentium.  Now  that 
this  type  has  been  found  to  constitute  an  independent  group,  dif- 
ferentiated by  several  well  defined  features,  it  may  well  be  known 
under  a  separate  name,  Treponema  minutum. 

In  the  spirochetal  flora  of  male  smegma,  therefore,  only  the  three 
forms,  Spironema  refringens,  Treponema  calligyrum,  and  Treponema 
minutum,  were  recognized. 

DISCUSSION  AND    SUMMARY. 

The  varieties  of  spirochetes  enumerated  and  photomicrographed 
from  the  male  smegma  flora  represent  practically  every  form  hitherto 
described  by  Nankivell  and  Sundell  and  by  Patterson  in  the  speci- 
mens of  urine  from  trench  fever  cases  (Figs.  32  and  ii).  The  urethral 
flora,  as  studied  by  Stoddard,  seem  to  contain  more  varieties,  but, 
except  those  of  his  more  detailed  morphological  descriptions,  every 
form  observed  by  him  is  among  those  found  in  the  smegma.  Stod- 
dard saw  certain  forms  with  hooked  ends  suggestive  of  the  Lepto- 
spira icterohamorrhagia  of  infectious  jaundice,  but  the  resemblance 
ends  with  this  one  feature,  and  differentiation  should  always  be 
possible  under  the  dark-field  microscope,  by  means  of  which  the  lep- 
tospira  reveals  its  highly  characteristic  minute  elementary  spirals, 
presenting  the  appearance  of  a  chain  of  dots  (Fig.  18).  Fig.  19 
shows  that  a  very  favorable  fixation  with  the  osmic  acid  vapor  fol- 
lowed by  Giemsa's  staining  may  also  bring  out  the  elementary 
spirals.  Of  all  the  spirochetes,  none  has  so  closely  set  spirals  as  the 
jaundice  leptospira,  the  distance  between  two  spirals  being  only 
0.5  M-  Various  methods,  including  Fontana's,  Benians',  the  mordant 
gentian  violet  stain,  or  Burri's  India  ink  method,  are  inadequate 


HIDEYO   NOGUCHI  677 

to  differentiate  the  leptospira  from  other  spirochetes  (Figs.  12,  14, 
15,  16,  17). 

Why  a  positive  spirochete  finding  with  the  films  from  the  urethra 
and  in  the  specimens  of  urine  was  not  obtained,  is  difficult  to  explain, 
except  on  the  grounds  of  the  paucity  of  specimens  examined.  At  all 
events,  the  recent  negative  results  reported  by  Fiessinger'^  with 
French  soldiers  and  invaKds  after  cleansing  of  the  urethra  and  glans 
seem  to  be  in  harmony  with  my  results. 

In  conclusion  it  may  be  stated  that  Spironema  refringens,  Trepo- 
nema calligyrum,  and  Treponema  minutum  represent  practically  all 
the  spirochetal  forms  observed  in  the  male  smegma  flora.  A  lepto- 
spira has  never  been  conclusively  shown  to  be  present  in  the  speci- 
mens of  normal  urine  or  smegma.  For  the  satisfactory  microscopic 
demonstration  of  a  leptospira  a  dark-field  illuminator  is  indispensable. 

EXPL.\NATION  OF  PLATES. 

Plate  30. 

Magnification,  X  1,000. 

Figs.  1  to  4.  Dark-field  views  of  the  spirochetes  in  a  male  smegma.  Fig.  1 
represents  Treponema  minutum,  Fig.  2  Treponema  calligyrum,  Fig.  3  Spironema 
refringens,  and  Fig.  4  a  Spironema  refringens  (below)  and  a  Treponema  minutum. 

Figs.  5  to  11.  Various  types  of  spirochetes  in  smegma,  stained  by  Fontana's 
method. 

Fig.  5.  Two  specimens  of  Treponema  minutum. 

Fig.  6.  .\  specimen  of  Treponema  minutum  and  two  of  Treponema  calligyrum, 
of  varying  lengths. 

Fig.  7.  .\  group  of  Treponema  calligyrum,  with  two  specimens  of  Treponema 
minutum. 

Fig.  8.  A  group  oi  Spironema  refringens  from  a  sample  of  male  smegma. 

Figs.  9  to  11.  Treponema  calligyrum  from  two  diff'erent  specimens  of  male 
smegma. 

Figs.  12  and  13.  Treponema  calligyrum  in  preparation  stained  by  the  mordant 
gentian  violet  method.  In  Fig.  12  there  are  two  specimens  without  distinct 
spirals  which  closely  resemble  Leptospira  ictcrohamorrhagia  in  similar  stained 
preparations.  Further  study  by  means  of  a  dark-field  microscope  is  necessary 
to  determine  whether  they  are  leptospira  or  calligyrum. 

Fig.  14.  A  group  of  Treponema  calligyrum  type  from  a  specimen  of  male 
smegma,  stained  by  Giemsa's  method.  The  organisms  appear  much  thinner 
here  than  in  specimens  stained  by  other  methods.  A  hooked  spirochete  resem- 
bling strongly  the  leptospira  is  seen  near  the  left  upper  corner. 

''Fiessinger,  N.,  A  propos  des  Spirochetes  du  meat  et  de  I'urine  de  I'homme 
normal,  Compt.  rend.  Soc.  biol.,  1918,  Ixxxi,  38. 
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Figs.  IS  to  19.  Leptospira  ickrohamorrhaguc  under  various  conditions  (for 
comparison) . 

Fig.  15.  Four  specimens  of  Leptospira  icteroharjiorrhagix  stained  by  the 
mordant  gentian  violet  method.  They  appear  blunt  and  curved  and  without 
any  indication  of  the  minute  elementary  spirals  which  are  the  characteristic 
feature  of  this  genus.  As  they  appear  here  they  are  indistingiiishable  from  the 
stretched  forms  of  the  calligyrain  type. 

Fig.  16.  A  few  leptospira;  as  demonstrated  by  Benians'  Congo  red  method. 
Here,  too,  they  do  not  show  their  elementary  spirals. 

Fig.  17.  A  group  of  Leptospira  icterohamorrhagia  from  a  culture,  stained  by 
Fontana's  method.     They  fail  to  show  their  elementary  spirals  by  this  staining. 

Fig.  18.  A  leptospira  viewed  under  the  dark-field  microscope,  showing  its 
minute  elementan,'  spirals. 

Fig.  19.  A.  number  of  Leptospira  icterohcrmorrhagicc ,  fi.xed  with  osmic  acid 
vapor  and  stained  by  Giemsa's  stain,  showing  the  elementary  spirals. 

Figs.  20  to  22.  Treponema  pallidum  under  different  conditions  (for  compari- 
son). 

Fig.  20.  Treponema  pallidum  when  stained  by  the  mordant  gentian  violet 
method. 

Fig.  21.  jTrc/xj/jewa  ^a//i</)/»;  under  the  dark-field  microscope. 

Fig.  22.  Treponema  pallidum  as  stained  by  Fontana's  silver  impregnation 
method. 

PL.4TE  31. 

Magnification,  X  1,000. 

Figs.  23  and  24.  Dark-field  view  of  a  culture  of  Treponema  minutum  from  a 
male  smegma. 

Fig.  25.  Treponema  minutum  from  a  culture.  Stained  by  the  mordant  gen- 
tian violet  method. 

Fig.  26.  Similar  specimens  stained  by  Fontana's  method. 

Fig.  27.  Dark-field  view  of  a  culture  of  Treponema  calligyrum  from  a  male 
smegma. 

Fig.  28.  A  culture  of  Treponema  calligyrum  stained  by  the  mordant  gentian 
violet  method. 

Fig.  29.  Similar  specimens  stained  by  Fontana's  method. 

Fig.  30.  Dark-field  view  of  a  culture  of  Spironema  rejringens  from  a  male 
smegma. 

Fig.  31.  Similar  specimens  stained  by  Fontana's  method. 

Plate  32. 

Fig.  32.  Photographic  reproduction  of  the  photomicrographs  of  spirochetes 
in  Nankivell  and  Sundell's  article  on  the  spirochetes  in  the  urine  in  trench  fever 
cases.' 

Fig.  ii.  Photographic  reproduction  of  the  schematic  drawings  by  Patterson 
in  his  article.* 
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(No^'ucl.i:  Spirochetal  florii  of  normal  male  genilalia.) 
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I.  Spirochetes  of  Type   1,  abdominal  P.  U.  O. 
U.  Type  2,  relapsing  P.  U.  O. 
in.  Spirillar  form  from  urethra. 

Fig.  33. 

(Noguchi:  Spirochetal  flora  of  normal  male  genitalia.) 


PHYSIOLOGICAL  STIMULATION  OF  THE  CHOROID  PLEXUS 
AND  EXPERIMENT.\L  POLIOMYELITIS. 

By  SIMON  FLEXNER,  M.D.,  HAROLD  L.  AMOSS,  M.D.,  and 
FREDERICK  EBERSON,  Ph.D. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 
(Received  for  publication,  March  15,  1918.) 

When  the  active  filterable  virus  of  poliomyelitis  is  injected  into 
the  blood  of  monkeys,  infection  and  paralysis  almost  never  follow 
even  when  the  quantity  of  virus  introduced  is  very  large.  The  reason 
assigned  for  the  non-infectiousness  of  the  virus  under  these  conditions, 
compared  with  the  remarkable  activity  displayed  by  it  when  brought 
into  immediate  pro.ximity  with  the  central  or  even  the  peripheral 
nervous  organs,  is  the  inability  of  the  virus  to  pass  the  barrier  of  the 
choroid  ple.xus  and  the  blood  vessels  of  the  central  nervous  system. 
Fle.xner  and  Amoss'  have  shown  in  several  series  of  experiments  that 
when  sterile  irritating  chemical  substances  are  introduced  from 
without  and  by  lumbar  puncture  into  the  subarachnoid  space,  the 
injury  inflicted  upon  the  choroid  plexus  and  blood  vessels  of  the 
meninges  and  possibly  those  of  the  central  nervous  organs  also,  fa- 
cilitates the  passage  of  the  virus  from  the  blood  into  the  nervous 
tissues  under  conditions  leading  to  infection,  paralysis,  and  death  from 
poliomyelitic  disease.  Their  experiments  have  led  them  to  view 
the  meningeal-choroidal  complex  as  constituting  in  man  a  defensive 
mechanism  against  infection  with  the  virus  of  poliomyehtis. 

According  to  this  view,  disturbance  of  the  integrity  of  the  defensive 
complex  arising  from  any  cause  would  predispose  to  infection  with  the 
virus,  provided  the  disturbance  synchronized  with  the  wide  distribu- 
tion of  the  virus,  such  as  is  believed  to  be  the  case  during  epidemics  of 
pohomyelitis.  The  experiments  of  Flexner  and  Amoss  have  indi- 
cated that  the  qualitative  changes  in  the  meningeal-choroidal  com- 

»  Flexner,  S.,  and  .Amoss,  H.  L.,  J.  Exp.  Med..  1914,  x.x,  249;  1917,  .xxv.  525. 
Amoss,  H.  L.,  and  Eberson,  F.,  ibid.,  1918,  x.^cvii,  309. 
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plex,  permitting  the  escape  of  the  virus  from  the  blood  into  tlie 
nervous  tissues,  may  be  almost  infinitesimally  small.  Thus  the  mere 
substitution  of  the  cerebrospinal  fluid  of  one  monkey  for  that  of  an- 
other sometimes  suffices  to  open  this  way.  The  structural  alterations 
induced  by  this  procedure  must  be  so  slight  as  to  be  regarded  merely 
as  molecular;  and  yet  they  have  proved  adequate  to  overcome  the 
defensive  mechanism. 

All  the  means  employed  up  to  the  present  to  disturb  the  mech- 
anism may  be  regarded  as  organic  in  their  effect.  Moreover,  they 
have  always  acted  from  without,  in  the  sense  that  they  have  been 
brought  into  relation  with  the  meningeal-choroidal  complex  through 
the  medium  of  the  cerebrospinal  fluid  already  present  in  the  sub- 
arachnoid space.  The  question  presented  itself  whether  a  functional 
effect  merely  and  acting,  as  it  were,  from  within,  might  likewise 
open  the  way  for  the  passage  of  the  virus  from  the  blood  into  the 
nervous  tissues.  A  method  was  a  hand  to  test  experimentally  this 
possibility. 

The  cerebrospinal  fluid  is  a  secretion  derived  from  the  blood  through 
the  mediation  of  the  choroid  plexus.  The  secreting  cells  of  the  plexus 
exercise  a  highly  precise  discrimination  in  respect  to  the  quality  and 
quantity  of  the  constituents  taken  from  the  blood  and  passed  on  to 
the  subarachnoid  space.  The  composition  of  the  cerebrospinal  fluid 
not  only  differs  markedly  from  that  of  the  blood,  but  dissolved  drugs 
and  bacteria  and  their  toxic  and  other  metabolic  products  present  in 
the  blood  are  capable  of  being  excluded  perfectly  from  the  cerebro- 
spinal fluid  by  the  choroidal  mechanism. 

The  stimulus  on  which  the  secretory  activity  of  the  choroid  plexus 
depends  has  been  shown  by  Dixon  and  Halliburton-  to  be  a  hormone 
contained  within  the  choroid  plexus  and  to  a  less  extent  in  the  brain 
substance.  The  liberation  of  this  hormone  into  the  blood  is  the  pre- 
cursor to  and  regulating  medium  of  the  choroidal  secretory  activity, 
through  which  the  cerebrospinal  fluid  is  elaborated.  By  increasing 
experimentally  the  quantity  of  the  hormone  within  the  blood  the 
amount  of  cerebrospinal  fluid  secreted  within  a  unit  of  time  may  be 
increased. 

'  Dixon,  \V.  E..  and  Ilailiburlon,  \V.  D.,  J.  Physiol..  1910,  .xl,  p.  xxx;  1913-14, 
xlvii.  21.S;  1914.  xlviii.  I2S. 
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This  phenomenon  provides,  therefore,  a  means  by  which  the  choroid 
plexus  may  be  stimulated  from  within  and  made  to  perform  its  secre- 
tory function  in  an  intensified  manner.  It  furnishes  a  simple  method 
for  determining  whether  merely  increased  functional  activity,  inde- 
pendent of  structural  or  organic  alterations,  suffices  to  open  the  way 
for  the  passage  of  the  poliomyelitic  virus  from  the  blood  into  the 
central  nervous  organs  under  circumstances  leading  to  infection. 

The  experiments  to  be  described  were  carried  out  to  determine  this 
point.  The  procedure  followed  for  preparing  and  injecting  the  ex- 
tract of  the  choroid  plexus  was  closely  modelled  on  that  of  Dixon  and 
Halliburton.  These  investigators  found  that  an  intravenous  injection 
of  a  saline  extract  of  the  choroid  plexus,  after  a  delay  of  a  few  seconds, 
causes  the  cerebrospinal  fluid  to  flow  actively  for  a  variable  time, 
after  which  the  flow  ceases  gradually.  The  second  injection  pro- 
duces little  or  no  effect  unless  the  intervening  interval  of  time  is  about 
10  or  15  minutes. 

EXPERIMENTAL. 

The  starting-point  .of  our  experiments  was  a  repetition  of  the  de- 
cisive experiments  of  Dijfon  and  Halliburton.  The  first  step  was  the 
preparation  of  an  extract  of  the  choroid  plexus.  1  gm.  of  the  dried 
plexus  was  ground  up  with  clean  sand  in  a  mortar  in  100  cc.  of 
isotonic  saline  solution.  The  suspension  was  filtered  and  the  filtrate 
employed  for  injection.  5  cc.  of  the  filtrate  caused  a  marked  increase 
in  the  flow  of  cerebrospinal  fluid  in  a  dog  weighing  12  kilos.  Extracts 
of  the  fresh  plexus  give  an  equivalent  result,  and  boiling  does  not 
destroy  the  activity.  The  active  substance  is,  moreover,  soluble  in 
dilute  and  absolute  alcohol.  An  extract  of  the  brain  is  less  active 
than  one  of  the  plexus.  Material  from  the  dog,  sheep,  or  ox  may  be 
employed.  Dixon  and  Halliburton,  who  established  these  points, 
express  the  view  that  some  product  of  the  brain's  metabolism  passes 
to  the  choroid  plexus  and  this  hormone  stimulates  to  activity  the 
secreting  epithelium  covering  the  plexus.  They  also  discuss  the  pos- 
sibility of  the  hormone's  originating  in  the  choroidal  epithehum  and 
passing  secondarily  to  the  brain  tissue.  They  incline  to  the  first 
alternative. 
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Preparation  of  the  Choroid  Extract.  Isotonic. — Plexuses  removed 
from  the  fresh  brains  of  sheep  under  sterile  conditions  are  washed 
free  from  blood  in  sterile  saline  solution,  dried  between  filter  paper, 
weighed,  made  up  to  1  per  cent  suspension  in  isotonic  saline  solution, 
ground  with  sand,  and  filtered. 

Hypertonic. — The  same  steps  are  followed  except  that  10  per  cent 
of  the  dried  plexuses  are  suspended  in  8.5  per  cent  saline  solution. 
The  stock  solution  is  then  diluted  1  part  to  9  of  sterile  distilled  water 
before  injecting.  The  filtering  of  the  viscous  mixture,  which  is  a  slow 
process,  may  be  substituted  by  rapid  centrifugalization.  The  clear 
supernatant  fluid  is  removed  and  diluted  as  indicated. 

Preliminary  Tests. 

The  technique  of  the  experiments  was  perfected  on  dogs  in  accord- 
ance with  the  method  devised  by  Dixon  and  Halliburton.  A  single 
protocol  is  appended  to  illustrate  a  successful  experiment. 

Oct.  22,  1917.  Dog;  weight  12.5  kilos.  Anesthesia:  chloroform,  morphine, 
and  urethane  (subcutaneous).  Subcerebellar  cistern  punctured.  After  the  first 
rapid  rush  of  cerebrospinal  fluid  was  over,  the  flow  was  measured  in  drops  per 
minute  and  total  volume  for  10  minutes.  In  this  animal  the  first  rapid  escape 
was  8.2  cc.  The  slower  flow  is  divided  into  three  10  minute  periods:  (a)  before 
injecting  extract  and  (b)  (c)  after  injecting  two  separate  quantities  of  the  extract 
into  the  left  femoral  vein. 

Jsl  Period.     Before  Injection  of  Extract. 

Drops  per  mm.  Total  in  10  min. 

3,0,0,0,1,0,3,1,1,2  0.7 

0,1,0,0,1,0,0,0,0,1  0.2 

2tid  Period.    5  Cc.  of  Extract  Injected  into  Left  Femoral  Vein. 

Drops  per  min.  Total  in  10  min. 

0,5,3,2,1,1,1,1,1,1  1.2 

1,0,0,3,3,0,0,0,1,1  0.7 

1,  0,  0,  1,0   1,  2.  1,  1,  1  0.5 

3yd  Period.     3.8  Cc.  of  Extract  Injected  into  Left  Femoral  Vein. 

Drops  per  min.  Total  in  10  min. 

2,1,0,1,1,0,1,1,1.1  0.4 

1,  1,0,0,  !,  0,  0,0,  1,0  0.2 

0,0,0,0,0,0,0,0,0,1  0.05 
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The  effect  of  the  choroidal  extract  is  observed  after  each  injection, 
but  not  so  markedly  after  the  second  injection. 

The  preliminary  test  on  monkeys  was  even  more  satisfactory. 
The  extract  was  injected  into  the  basilic  vein  of  a  Macacus  rhesus 
in  an  amount  of  10  cc.  in  an  animal  weighing  3.5  kilos,  without  pro- 
ducing an  observed  ill  effect.  Two  protocols  of  preliminary  experi- 
ments on  monkeys  are  given. 

Oct.  22,  1917.  Monkey  A,  Macacus  rhesus;  weight  5  kilos.  Anesthesia:  ether, 
morphine,  and  urethane.  Puncture  of  subcerebellar  cistern.  Xhe  periods  and 
readings  are  the  same  as  in  the  previous  protocol.  The  first  flow  of  fluid  follow- 
ing the  puncture  was  4.4  cc. 

J  St  Period.     Before  Injcclioit  of  Extract. 

Drops  per  mia.  Total  in  10  min. 

2',  1,  1,0,  1,  1,  1,  2,  5,  0  0.8 

3,2,1,1,1,1,1,0,0,0  0.5 

2nd  Period.    3.5  Cc.  of  E.xtracl  Injected  into  Basilic  Vein. 

Drops  per  min.  Total  in  10  min. 

0,0,  2,  2,  1,  1,  1,  1,  2,  2  0.9 

Oct.  25,  1917.  Monkey  B,  Macacus  rhesus;  w^eight  3.5  kilos.  Anesthesia: 
ether,  morphine,  and  urethane.  The  first  flow  of  fluid  following  the  puncture 
was  4.1  cc. 

1st  Period.     Before  Injection  of  Extract. 

Drops  per  min.  Total  in  10  min. 

1,4,*2,  1,  1,  2,  4,*  3,  1,  1  1.6 

2,0,0,0,0,0,0,0,0,0  0.1 

2nd  Period.     6  Cc.  of  Extract  Injected  into  Basilic  Vein. 

Drops  per  min.  Total  in  10  min. 

1,1,1,1,1,1,1,1,1,1  0.7 

1,0,0,1,1,0,1,1,1,1  0.3 

*  In  the  interval  represented  by  the  two  asterisks  ether  was  administered. 

The  deduction  from  the  three  preliminary  experiments  is  to  the 
effect  that  the  choroidal  extract  which  we  prepared  and  employed  was 
an  active  one.  There  is  another  point  which  may  be  mentioned 
here.     In  order  to  obtain  the  stimulating  effect  of  the  extract,  it 
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would  appear  that  the  animals  need  to  be  in  good  condition.  Two 
monkeys  in  an  advanced  stage  of  tuberculosis  showed  no  effect  from 
the  injections. 

Experiments  with  Choroid  Extract. 

In  carrying  out  experiments  with  the  extract,  the  quality  of  the 
virus  is  of  prime  importance.  It  must  be  of  such  a  degree  of  activity 
that  it  will  not  itself  induce  infection  by  simple  intravenous  injection, 
and  yet  it  must  be  active  enough  to  cause  infection  under  conditions 
in  which  it  is  enabled  to  pass  the  choroidal-meningeal  barrier.  The 
importance  of  this  consideration  is  illustrated  by  the  first  protocols. 

Experiment  1. — Control  A,  Macacus  rhesus.  Dec.  5,  1917.  Intravenous  in- 
jection of  40  cc.  of  centrifugate  of  -S  per  cent  emulsion  of  fresh  mixed  virus.  Dec. 
11.  Legs  weak  or  paralyzed;  right  deltoid  weak.  Dec.  13.  Both  legs  paralyzed; 
tremor  of  head.    Dec.  14.  Prostrate.    Dec.  19.  Died. 

Autopsy. — Lesions  of  poliomyelitis. 

Monkey  C,  Macacus  rhesus.  Dec.  5,  1917,  12.50  p.m.  Intravenous  injection 
of  40  cc.  of  centrifugate  as  in  control.  12.55,  1.25,  and  4.55  p.m.  Intravenous 
injection  of  choroid  extract.  Dec.  6,  11  a.m.  and  5  p.m.  Injection  of  choroid 
extract.  Dec.  12.  Left  facial  paralysis  and  slight  ata.xia.  Dec.  14.  Legs  para- 
lyzed; deltoids  weak.  Dec.  17.  Arms  and  back  weak;  lies  down.  Dec.  19. 
Improving.  Jan.  2,  1918.  Recovering  use  of  limbs.  Jan.  8.  Recovered  except 
for  residual  paralysis  of  legs. 

Monkey  D,  Macacus  rhesus.  Dec.  5,  1917,  1.05  p.m.  Intravenous  injection 
of  40  cc.  of  centrifugate  as  in  control.  1.10,  1.40,  and  5.10  p.m.  Injection  of 
choroid  extract.  Dec.  6,  11  a.m.  and  5.10  p.m.  Injection  of  choroid  extract. 
Dec.  7  and  8.  Injection  of  choroid  extract.  Dec.  10.  Right  facial  and  double 
deltoid  paralysis.     Dec.  11.  Died. 

Autopsy. — Lesions  of  poliomyelitis. 

This  experiment  is  wholly  inconclusive  as  to  any  promoting  effects 
of  the  choroidal  extract  after  an  intravenous  inoculation  of  the  virus. 
Since  the  virus  was  of  so  high  a  degree  of  activity  as  to  induce  a 
fatal  infection  in  the  control  monkey,  the  occurrence  of  paralysis  in 
the  other  two  animals  was  to  be  expected.  Moreover,  a  comparison 
of  Monkeys  C  and  D  suffices  to  dissipate  any  notion  that  the  choroidal 
extract  might  have  the  effect  of  minimizing  the  action  of  the  virus 
since  Monkey  C  partially  recovered  from  the  paralysis.  Indeed, 
this  experiment  is  a  pertinent  illustration  of  the  factor  of  individuality 
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in  affecting  the  outcome  of  an  attack  of  poliomyelitis  in  the  monkey, 
as  well  as  in  man.  This  factor  of  individuality  appears  even  more 
emphatically  in  the  next  experiment. 

Experiment  2. — Control  B,  Macacus  rhesus.  Oct.  29,  1917.  Intracerebral  in- 
oculation of  1  cc.  of  5  per  cent  emulsion  of  fresh  spinal  cord  and  medulla  from 
paralyzed  monkey.  Nov.  2.  Excited;  tremor  of  head.  Nov.  3.  Tremor  in- 
creased; ata.xic.  Nov.  6.  Right  facial  paralysis;  left  arm  weak.  Nov.  8.  .\\\ 
limbs  paralyzed;  moribund;  etherized. 

Autopsy. — Lesions  of  poliom\'elitis. 

Control  C,  Macacus  rhesus.  Oct.  29,  1917.  SO  cc.  of  centrifugate  of  fresh 
emulsion  of  brain  and  cord,  same  as  Control  B,  injected  intravenously.  Nov.  5. 
Double  facial  paralysis;  ataxia;  paralysis  of  right  deltoid.  The  paralysis  ex- 
tended rapidly  so  that  b}-  evening  the  animal  was  prostrate  and  death  occurred 
during  the  night. 

Autopsy. — Lesions  of  poliomyelitis. 

Monkey  E,  Macacus  rhesus.  Oct.  29,  1917,  12.50  p.m.  Intravenous  injection 
of  50  cc.  of  centrifugate,  same  as  Control  C.  1,  1.30,  and  5  p.m.  5  cc.  of  choroidal 
extract  injected.  Oct.  30,  11  a.m.  and  5  p.m.  5  cc.  of  choroidal  extract  injected. 
Oct.  31  and  Nov.  1.  5  cc.  of  choroidal  extract  injected.  Nov.  5  and  6.  No  ex- 
tract injected.  Nov.  7.  Ata.xia;  limbs  weak.  Nov.  8.  Right  facial  paralysis; 
deltoids  paralyzed;  legs  weak.  Nov.  10.  Prostrate.  Nov.  12.  Moribund; 
etherized. 

Autopsy. — Lesions  of  poHomyelitis. 

Monkey  F.  Macacus  rhesus.  Treatment  identical  with  that  of  Monkey  E,  except 
that  no  intravenous  injections  of  choroidal  extract  were  given  after  Oct.  30. 
This  animal  never  showed  any  symptoms  and  was  dismissed  frorn  observation 
on  Nov.  19,  at  which  time  it  was  perfectly  well. 

The  only  deduction  from  this  experiment  is  to  the  effect  that  the 
virus  was  sufficiently  active  to  cause  infection  and  paralysis  in  two  of 
three  monkeys  into  which  it  was  injected  intravenously  while  a  third 
monkey  was  sufficiently  insusceptible  to  resist  its  power  of  inducing 
infection.  The  choroidal  extract  probably  played  no  essential  part  in 
the  results. 

In  order  to  determine  directly  whether  the  choroidal  extract  exer- 
cised a  restraining  influence  on  the  development  of  the  infection  the 
next  experiment  was  performed. 

Experiment  3. — Control  D,  Macacus  rhesus.  Dec.  4,  1917.  Intraspinal  in- 
jection of  2  cc.  of  sterile  isotonic  saline  solution.  Dec.  5.  Intravenous  injection 
of  40  cc.  of  centrifugate  of  fresh  mixed  virus.     Dec.  10.  Tremor;  ptosis.    Dec. 
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11.  Ataxia;  left  deltoid  and  right  leg  weak.  Dec.  12.  All  extremities  paralyzed; 
etherized. 

A  iitopsy. — Lesions  of  pohomyelitis. 

Test:  Monkey  G,  Macacus  rhesus.  Dec.  4,  1917,  intraspinal  injection  of  saline 
solution  and  Dec.  5,  12.05  p.m.,  intravenous  injection  of  virus  as  in  the  control. 
12.10,  12.40,  and  4.10  p.m.  5  cc.  of  choroidal  extract  injected.  Dec.  6.  Repeated 
injection  of  extract  at  10.10  a.m.  and  4.10  p.m.  Dec.  11.  Left  facial  and  right 
leg  paralysis.  Dec.  12.  Both  legs  paralyzed;  arms  weak.  Dec.  14.  All  e.\tremi- 
ties  paralyzed.  Progressive  recovery  followed.  Animal  regained  use  of  arms. 
Jan.  18,  1918.  Died  of  intercurrent  infection. 

Autopsy. — Healed  lesions  of  poliomyelitis. 

It  is  obvious  that  the  course  of  the  infection  was  practical'y  identical 
in  these  two  animals,  and  no  inhibitory  effect  of  the  choroidal  extract 
can  be  discerned. 

Passing  now  to  a  virus  which  is  incapable  in  the  quantity  employed 
of  inciting  infection  from  simple  intravenous  injection,  we  find  that  the 
injection  of  the  choroidal  extract  does  not  change  the  results. 

E.xperimenl  4. — Control  E,  Macacus  rhesus.  Nov.  13,  1917.  Intravenous  in- 
jection of  25  cc.  of  centrifugate  of  active  fresh  virus  (emulsion  of  medulla  and 
spinal  cord  of  paralyzed  monkey).  No  symptoms  developed  and  the  animal  was 
dismissed  from  observation  on  Dec.  17,  at  which  time  it  was  perfectly  well. 

Monkej'  H,  Macacus  rhesus.  Nov.  13,  1917,  12.55  p.m.  Intravenous  injec- 
tion of  25  cc.  of  virus  as  in  the  control.  1,  1.30,  and  5  p.m.  Injection  of  5  cc.  of 
choroidal  extract.  Nov.  14,  11  a.m.  and  5  p.m.  Injection  of  5  cc.  of  choroidal 
extract.  Nov.  15  and  16.  Injection  of  5  cc.  of  choroidal  extract.  No  symp- 
toms developed  and  the  animal,  in  perfect  health,  was  dismissed  from  attention 
on  Nov.  30. 

Experiment  5. — Control  F,  Macacus  rhesus.  Dec.  18, 1917.  Intravenous  injec- 
tion of  32.5  cc.  of  centrifugate  of  active  fresh  virus  (emulsion  of  medulla  and 
spinal  cord  of  paralyzed  monkey).    No  symptoms  developed. 

Monkey  I,  Macacus  rhesus.  12  m.  Intravenous  injection  of  32.5  cc.  of  cen- 
trifugate as  in  the  control.  12.05,  12.35,  and  4.05  p.m.  5  cc.  of  choroidal  extract 
injected.  Dec.  19,  10.15  a.m.  and  4.05  p.m.  5  cc.  of  choroidal  extract  injected. 
Dec.  20  and  21.  5  cc.  of  choroidal  extract  injected.  No  symptoms  developed. 
The  animal  was  dismissed  from  observation  on  Jan.  8,  1918,  at  which  time  it 
appeared  perfectly  well. 

DISCUSSION  AND    SUMMARY. 

The  experiments  recorded  in  this  paper  serve,  in  the  first  place,  to 
confirm  the  experiments  of  Dixon  and  Halliburton  on  the  stimulat- 
ing effect  of  intravenous  injections  of  extracts  of  choroid  plexus  in 
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the  secretion  of  the  cerebrospinal  fluid,  and  extend  their  observa- 
tions to  monkeys. 

They  bring  out  also  the  variable  effects  of  the  virus  of  poliomyelitis, 
variations  affected  by  the  quality  of  the  virus  and  also  by  the  indi- 
vidual powers  of  resistance  to  infection  possessed  by  individual 
monkeys.  These  factors  of  variation  must  be  taken  into  account  in 
performing  and  interpreting  experiments  on  infection  and  particu- 
larly those  on  unmunity  and  specific  therapy  in  relation  to  polio- 
myelitis. 

In  general  it  may  be  said  that  experimental  infection  by  way  of  the 
blood  is  not  easy  to  produce  in  monkeys  unless  some  contributing 
factor,  such  as  the  existence  of  a  coincident  aseptic  meningitis,  op- 
erates at  the  same  time.  And  yet  Experiments  1  and  2  show  that 
when  the  strength  of  the  virus  is  great  the  injection  of  relatively 
considerable  quantities  suffices  to  induce  infection  and  paralysis,  but 
not  in  all  instances. 

The  chief  outcome  of  the  experiments  has  been  to  determine  the 
fact  that  when  the  intravenous  inoculation  of  the  virus  does  not  in 
itself  suffice  to  induce  infection  and  paralysis,  the  intravenous  in- 
jection of  extracts  of  the  choroid  plexus,  which  in  themselves  excite 
the  secretory  functions  which  preside  over  the  formation  of  the 
cerebrospinal  fluid,  is  powerless  to  modify  this  result.  This  fact 
would  seem  to  be  of  interest  and  importance,  since  it  has  already  been 
shown  that  very  slight  structural  changes  in  the  meningeal-choroidal 
complex  suffice  to  make  possible  or  certain  infection  under  these 
circumstances.  Apparently  mere  augmentation,  from  time  to  time, 
of  the  secretory  functions  of  the  choroid  plexus,  through  intravenous 
injection  of  an  extract  of  the  choroid  plexus  and  while  the  virus  is 
still  circulating,  is  insufficient  to  insure  passage  of  the  virus  from  the 
blood  into  the  nervous  tissues,  upon  which  infection  depends.  Neither 
does  the  augmentation  exercise  a  restraining  influence  on  the  devel- 
opment of  infection  otherwise  capable  of  taking  place. 
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INTRODUCTION. 

In  contrast  with  the  so  called  defensive  ferment,  or  " Alnvchr- 
ferment"  of  Abderhalden,  which  has  been  recently  much  studied  and 
discussed,  comparatively  little  attention  has  been  paid  to  the  pro- 
teolytic ferment  in  normal  serum,  to  which  only  occasional  brief 
references  can  be  found. 

Abderhalden'  has  stated  that  he  sometimes  found  a  proteolytic  ferment  in  the 
sera  of  guinea  pigs  and  rabbits,  which  he  held  to  have  arisen  through  the  intro- 
duction of  foreign  proteins,  such  as  those  due  to  the  ingestion  of  plants,  or  to  in- 
fectious diseases,  especially  coccidiosis.  Stephan^  reported  that  guinea  pig 
serum  shows  an  apparently  polyvalent  proteolytic  power.  Fuchs'  found  that 
rabbits  inoculated  with  serum  gave  a  positive  ninhydrin  reaction  with  other  kinds 
of  substrates,  and  he  explained  this  result  by  assuming  that  the  sera  of  herbivorous 
animals  contain  a  comparatively  large  amount  of  dialyzable  substance.  Michaclis 
and  von  Lagermarck''  obtained  a  positive  Abderhalden  reaction  not  only  with 
pregnant  serum  but  also  with  non-pregnant  and  even  male  serum,  and  they 
came  to  the  conclusion  that  they  could  not  confirm  the  existence  of  the  specific 
ferment  in  Abderhalden's  sense.     \'an  Slyke,  Vinograd-V'illchur,  and  Losee^  also 

'  Abderhalden,  E.,  Abwehrfermcnt.  Das  Auftreten  blutfremder  Substrate 
und  Fermente  im  tierischen  Organismus  unter  experimentellen,  physiologischen 
und  pathologischen  Bedingungen,  Berlin,  4th  edition,  1914,  53-54. 

-  Stephan,  R,,  Die  Natur  der  sogenannten  Abwehrfermente,  Miinch.  mcd. 
Woch.,  1914,  I.xi,  801. 

^  Fuchs,  A.,  Tierexperiinentelle  Untersuchungen  iiber  die  Organspezifitat  der 
proteolytischen  Abwehrfermente  (Abderhalden),  Munch,  med.  Woch.,  1913,  Ix, 
2230. 

*Michaelis,  L.,  and  von  Lagermarck,  L.,  Die  Abderhaldensche  Schwanger- 
schaftsdiagnose,  Deutsch.  med.  Woch.,  1914,  xl,  316. 

^  Van  Slyke,  D.  D.,  Vinograd-Villchur,  M.,  and  Losee,  J.  R.,  The  Abderhalden 
reaction,  J.  Biol.  Chem.,  1915,  xxiii,  377. 
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found  proteolytic   ferment   in  non-pregnant   human   serum  by   means    of    Van 
Slyke's  method  of  amino  nitrogen  determination. 

The  existence,  then,  in  normal  human  and  animal  serum,  of  a  non- 
specific proteolytic  ferment  which  digests  certain  proteins  other  than 
the  serum  has  often  been  proved,  but  little  investigation  into  the 
nature  of  this  ferment  has  hitherto  been  made.  The  question  of 
autodigestion  of  normal  serum  has  received  some  attention  from 
a  few  investigators,  Delezenne  and  Pozerski"  having  observed  the 
autolysis  of  the  serum  under  the  influence  of  chloroform. 

The  present  paper  deals  with  a  phenomenon  of  the  autodigestion 
of  normal  serum  brought  about  with  certain  chemical  agents  under 
various  conditions. 

Materials  and  Methods  of  Study. 

Guinea  pig  serum  was  used  chiefly  in  the  present  investigation,  because  it  pos- 
sesses advantage  over  other  sera  in  its  constancy  and  its  richness  in  the  ferment 
in  question.  Since,  to  secure  uniformity  of  results,  it  was  necessary  to  provide 
a  sufficiently  large  quantity  of  serum  for  each  series  of  experiments,  with  small 
animals  a  pool  had  to  be  made  of  many  specimens  from  animals  killed  at  the 
same  time.  When  guinea  pigs  were  used,  the  blood  was  withdrawn  from  the 
heart  under  general  anesthesia  by  means  of  a  sterile  test-tube  provided  with  a 
sharp  cannula.  The  blood  was  collected  in  a  sterile  paraffined  centrifuge  tube, 
and  upon  coagulation  it  was  centrifuged  to  separate  the  serum  from  the  clot. 
By  this  method  a  clear  serum,  absolutely  free  from  any  trace  of  hemolysis,  may 
be  obtained.  It  is  important  to  note  that  for  the  demonstration  of  autodiges- 
tion of  normal  serum  through  the  intervention  of  certain  chemical  substances 
no  specimen  which  contains  hemoglobin  should  be  employed,  since,  as  will  be 
shown  later,  the  presence  of  hemoglobin  and  stroma,  whether  homologous  or 
alien,  leads  to  the  appearance  of  digestive  products  and  renders  the  issue  of  the 
self-digestion  of  the  serum  indecisive.  The  experiments  were  carried  out  with 
fresh  active  serum,  although  it  was  found  that  the  activity  of  the  serum  is  not 
perceptibly  impaired  by  standing  at  a  temperature  of  6°C.  for  many  days. 

The  amino  substances  normally  contained  in  serum  were  previously  removed 
by  dialysis.  The  serum  was  placed  in  sterile  celloidin  sacs  and  was  allowed  to 
dialyze  for  5  hours  at  room  temperature  in  a  sterile  salt  solution  which  renewed 
Itself  from  a  flow  from  another  bottle  placed  above  the  level  of  the  dialysis  vessel. 
The  celloidin  sacs  were  preserved  in  sterile  distilled  water  with  a  layer  of  toluene 

^  Delezenne,  C,  and  Pozerski,  E.,  Compf.  rend.  Soc.  biol.,  1903,  Iv,  327,  cited 
by  Jobling,  J.  W.,  and  Petersen,  W.,  /.  Exp.  Med.,  1914,  xix,  460. 
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and  before  use  were  washed  repeatedly  with  sterile  salt  solution.  A  layer  of 
toluene  protected  the  serum  from  bacterial  interference  during  dialysis.  The 
volume  of  the  serum  at  the  completion  of  dialysis  was  increased  from  one  and  a 
half  times  to  twice  its  original  volume.  To  secure  a  constant  concentration  the 
dialyzed  serum  was  diluted  with  sterile  salt  solution  until  the  volume  became 
twice  that  of  the  original  serum;  that  is,  the  dialyzed  serum  was  made  one-half 
of  the  original  concentration.  The  dialyzed  serum  thus  obtained,  when  kept  in 
the  refrigerator  at  6°C.,  does  not  lose  its  proteolytic  power  for  a  long  time,  at  least 
not  for  3  or  4  weeks.  We  therefore  kept  in  this  way  a  sufficient  supply  of  serum 
to  complete  many  successive  experiments  with  the  same  material. 

The  technique  for  dialysis  was  somewhat  similar  to  that  recommended  by 
Abderhalden.  The  dialyzing  thimbles  used  were  those  made  by  Schleicher  and 
Schull  bearing  the  mark  of  579.\.  In  order  to  select  perfect  thimbles,  it  was 
necessary  to  test  beforehand  their  permeability  and  intactness  by  means  of  solu- 
tions of  silk  peptone  (Hochst)  and  egg  white.  Those  which  leaked  or  showed 
unusual  porosity  or  retardation  of  dialysis  were  discarded  as  unsuitable.  A 
serum  to  be  tested  for  digestion  was  measured  into  a  thimble  which  stood  inside 
a  sterile  Jena  glass  wide  mouthed  flask.  The  height  of  the  thimble  and  that  of 
the  flask  were  about  the  same,  and  the  former  was  held  upright  by  the  edge  of 
the  latter.  15  cc.  of  sterile  distilled  water  were  poured  into  the  flask  outside 
the  thimble.  At  the  termination  of  dialysis,  the  fluid  outside  the  thimble,  repre- 
senting the  dialysate,  was  removed  for  determination  of  the  amount  of  dialyz- 
able  proteins  diffused  out  of  the  serum  contained  within  the  thimble.  For  this 
purpose  the  ninhydrin  reaction  was  resorted  to.''  Since  this  reaction  requires  a 
temperature  above  100°C.  maintained  for  at  least  1  minute,  it  was  not  easy  to 
obtain  a  uniform  and  constant  result,  owing  to  rapid  evaporation  and  frequent 
loss  of  the  fluid  incidental  to  the  violent  bubbling  caused  by  the  application  of  a 
direct  tlame  to  the  test-tube  containing  the  dialysate  and  ninhydrin  solution. 
A  few  previous  workers  have  attempted  to  eliminate  errors  arising  from  this 
source  by  using  a  liquid  paraffin  bath  instead  of  a  direct  flame.  The  overboiling 
of  the  fluid  from  the  test-tube  placed  in  the  paraffin  oil  bath  at  a  temperature 
above  100°C.  was  greatly  reduced  by  a  specially  devised  stopper,'  but  we  have 
found  this  device  of  little  value,  since  it  fails  to  prevent  the  loss  of  fluid  by  ex- 
plosive escape  of  vapor,  which  forces  out  the  fluid  gathering  about  the  narrow 
exit  for  steam. 

After  experiments  with  various  devices  a  satisfactory  result  was  obtained  with 
the  use  of  one  suggested  by  Dr.  Noguchi  and  illustrated  in  Te.xt-fig.  1.     With  this 

'  The  Van  Slyke  apparatus  for  the  determination  of  amino  nitrogen  was  also 
used  in  certain  series  of  experiments  where  the  amounts  of  the  split  products 
were  sufficiently  large  to  use  this  apparatus,  but  in  ordinary  experiments  the 
amounts  were  too  minute  to  permit  its  use. 

*  Oeller,  H.,  and  Stephan,  R.,  Technische  Neucrungen  zur  Dialysiermethode, 
Deulsck.  med.  Woch.,  1913,  x.xxix,  2505. 
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apparatus  only  occasionally  does  a  small  amount  of  the  fluid  escape.  It  con- 
sists of  a  hard  glass  test-tube  (Pyrex),  1  cm.  in  diameter  and  20  cm.  in  height 
(a),  connected  through  a  perforated  rubber  stopper  (h)  with  another,  somewhat 
narrower  test-tube  (c),  the  mouth  of  which  is  drawn  into  a  long  narrow  neck  to 
tit  the  stopper,  and  which  has  a  narrow  side  arm  near  the  bottom.  When  con- 
nected, the  smaller  test-tube,  with  narrow  openings  at  both  ends,  stands  in- 


Text-Fig.  1.  Apparatus  used  for  the  ninhydrin  test,  a,  test-tube  connected 
through  a  perforated  rubber  stopper  (b)  with  another,  narrower  test-tube  (c). 
In  the  lower  test  tube  is  a  glass  bead  (d)  which  facilitates  uniform  diffusion  of 
heal  during  the  boiling  of  the  mixture  of  dialysate  and  ninhydrin  solution  (e). 


verted.  The  stopper  may  be  lifted  out  with  the  upper  tube  attached  and  the 
mixture  (e)  of  the  dialysate  (5  cc.  as  a  rule)  and  ninhydrin  solution  (1  cc.  of  a 
1 :  1,000  solution  for  5  cc.  of  dialysate)  placed  in  the  lower  test-tube,  with  a  glass 
bead  (d),  which  facilitates  uniform  diflfusion  of  heat  during  the  boiling.  The 
upper  portion  is  then  tightly  refitted,  and  the  fluid  is  ready  for  boiling.  The 
paraffin  oil  bath  is  made  by  filling  an  enameled  pan  with  a  sufticient  amount  of 
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the  oil  to  give  a  depth  of  about  12  cm.,  which  will  cover  nearly  two-thirds  of  the 
height  of  the  lower  test-tube  containing  the  fluid  for  heating.  The  bath  should 
have  width  enough  to  hold  a  metal  rack  containing  several  tubes,  as  it  is  a  great 
advantage  to  heat  the  entire  series  of  tubes  used  in  the  experiment  at  the  same 
time.  It  ma)'  be  mentioned  that  the  heating  period  is  an  important  factor  in 
relation  to  the  intensity  of  the  ninhydrin  reaction.  The  color  which  manifests 
itself  on  cooling  is  gradually  increased  as  the  heating  period  is  prolonged,  although 
it  was  impossible  to  ascertain  definitely,  on  account  of  the  rapid  evaporation  of 
the  fluid,  at  what  rate  and  how  long  the  increase  proceeded.  It  was  found,  how- 
ever, that  the  reaction  at  the  end  of  1  minute  was  much  weaker  than  that  of  5 
minutes,  and  that  after  10  minutes  much  stronger  than  that  of  5  minutes'  dura- 
tion. A  comparison  of  the  intensity  of  the  reaction  was,  of  course,  made  after 
the  volume  of  the  fluid  had  been  restored  to  the  original  standard  by  adding 
distilled  water  to  the  5  cc.  mark  in  the  tube.  It  is  easily  seen,  therefore,  that  a 
reaction  which  increases  in  intensity  through  minute  errors  due  to  inaccurate 
time  limits  would  be  greater  during  the  preliminary  few  minutes  than  at  the  end 
of  5  minutes  or  longer.  For  this  reason,  throughout  the  entire  experiment, 
instead,  of  the  1  minute  period  of  other  investigators,  we  heated  the  fluid  for 
exactly  5  minutes  at  a  temperature  of  150°C.,  or  as  near  150°C.  as  possible,  the 
temperature  being  maintained  by  means  of  an  oil  bath  in  a  wind-proof  hood. 
At  the  end  of  5  minutes  the  tubes  were  taken  out  of  the  bath  and  left  at  room 
temperature  for  30  minutes  before  the  reaction  was  read.  In  order  to  obtain  a 
uniform  and  comparable  result  the  content  of  each  tube,  which  was  reduced  almost 
one-half  through  evaporation,  was  filled  with  distilled  water  up  to  the  original 
volume  of  the  dialysate;  namely,  5  cc.  in  our  experiment.  The  intensity  of  the 
reaction  varied  from  a  mere  nuance  to  a  distinct  violet,  with  many  intermediate 
grades.  It  was  therefore  necessary  to  prepare  a  standard  by  which  different  de- 
grees of  the  reaction  could  be  determined.  Alanine  was  selected  for  producing 
the  required  color  reaction  by  ninhydrin.  0.01  cc.  of  this  substance,  in  0.1  N  solu- 
tion, gives  a  distinct  violet  color,  while  0.0025  cc.  gives  only  a  faint  violet,  when 
present  in  5  cc.  of  distilled  water.  It  was  therefore  possible  to  prepare  a  series 
of  tubes  in  which  color  scales,  based  upon  the  gradually  increasing  amounts  of 
0.1  X  alanine  solution,  were  obtainable. 

In  the  present  study  the  reaction  produced  by  0.01  cc.  of  a  0.1  N  solution  of 
alanine  in  5  cc.  of  distilled  water  was  chosen  as  the  standard.  In  an  estimation 
of  color  intensity  there  may  be  two  procedures.  One  is  to  have  many  grades 
of  the  color  for  comparison  with  a  given  reaction.  The  other,  which  is  the  one 
adopted  in  the  present  work,  is  to  have  one  standard  and  to  estimate  the  inten- 
sity of  a  given  reaction  by  noting  the  amount  of  distilled  water  necessary  to 
reduce  the  color  exactly  to  correspond  with  the  standard.  If  a  given  reaction 
requires  a  quadruple  dilution  to  reach  the  standard,  its  intensity  must  be  consid- 
ered quadruple  the  standard;  a  reaction  requiring  triple  or  double  dilution  would 
be  triple  or  double  in  strength. 
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For  practical  purposes,  \vc  have  arbitrarily  designated  the  reaction  +  +  +  + 
when  the  standard  was  attained  by  diluting  with  3  to  3.9  cc.  of  water,  +  +  +  with 
2  to  2.9  CO.,  ++  with  1  to  1.9  cc,  and  +  with  0.9  cc.  or  less.  Reactions  weaker 
than  this  were  recorded  as  <  +  and  ± ,  which  corresponded  with  a  mi.xture  of  1  cc. 
of  the  standard  and  water  up  to  1  cc.  and  that  containing  more  than  1  cc.  of 
water,  respectively.  The  reactions  may  be  brielly  summarized  as  follows: 
+  +  +  +  for  a  reaction  requiring  3  to  3.9  cc.  of  water  to  make  it  correspond 

with  the  standard. 
+  +  +  for  a  reaction  requiring  2  to  2.9  cc.  of  water. 
+  +  for  a  reaction  requiring  1  to  1.9  cc.  of  water. 
+  for  a  reaction  requiring  0  to  0.9  cc.  of  water. 

<+  for  a  reaction  corresponding  w-ith  standard  1  cc.  +  water  up  to  1  cc. 
=fc  for  a  reaction  corresponding  with  standard  1  cc.  +  water  more  than  1  cc. 

The  ninhydrin  reaction  with  amino-acid  undergoes,  w-ithin  a  day  or  so,  a  rapid 
discoloration,  which  cannot  be  prevented  even  by  prescrvmg  the  tubes  in  a  re- 
frigerator at  6°C.  A  suitable  substitute  was  sought,  therefore,  among  various 
violaceous  aniline  dyes,  and  it  was  found  that  a  certain  high  dilution  of  crystal 
violet  resembles  very  much  the  ninhydrin  reaction,  when  carefully  adjusted  to 
the  standard  color  of  the  latter,  and  remains  unaltered  for  a  long  time,  provided 
it  is  kept  in  a  dark  refrigerator.  The  standard  color  solution  of  crystal  violet 
was  utiUzed  for  the  reading  of  the  reaction  because  of  its  stability.  It  should 
be  added,  however,  that  when  subjected  to  further  dilution,  the  relative  color 
values  and  effect  no  longer  run  parallel. 

The  proteolytic  activity  of  the  serum  was  tested  not  only  for  the  autodigestion 
caused  by  chemical  reagents,  but  also  by  using  as  substrates  some  pure  prepa- 
rations of  plant  or  animal  proteins  and  various  animal  tissues  or  blood  corpuscles. 
When  animal  tissues  were  used,  they  were  freed  from  blood,  boiled,  and  emulsi- 
fied exactly  as  in  the  procedure  recommended  by  Abderhalden.  All  these  sub- 
strates were  dialyzed  in  a  celloidin  sac  before  use  in  order  to  remove  any  dialyz- 
able  protein  substances  which  might  be  contained  in  some  of  the  preparations. 

Occurrence  of  the  Proteolytic  Ferment  in  Normal  Guinea  Pig  Serum. 

To  2  cc.  of  the  dialyzed  guinea  pig  serum  various  substrates,  as 
shown  in  Table  I,  were  added  and  digested  in  thimbles  for  16  hours 
at  37°C.  The  control  tests  done  with  each  substrate  alone  gave  no 
color  reaction,  whereas  those  done  with  2  cc.  of  dialyzed  guinea  pig 
serum  gave  a  reaction  of  only  =±= . 

As  will  be  seen  from  the  table,  the  guinea  pig  serum,  when  incu- 
bated with  some  animal  and  plant  proteins,  produces  dialyzable  sub- 
stances which  show  a  positive  ninhydrin  test.  Whether  the  serum 
in  this  case  really  digested  the  substrates,  or  whether  the  former  was 
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TABLE    I. 

Effect  of  the  Proteolytic  Ferment  of  Normal  Guinea  Pig  Serum  on  Different  Substrates. 


Nin- 

Nin- 

Nin- 

Substrate  boiled. 

hydrin 

Substrate  boiled. 

hydrin 

Substrate  boiled. 

test. 

test. 

test. 

Guinea  pig  liver. 

+  +  + 

Rabbit  placenta. 

+  +  + 

Cat  serum. 

=*= 

"         "   corpuscles. 

+  +  + 

"        serum. 

± 

"     fibrin. 

± 

"         "  placenta. 

+  +  + 

"        fibrin. 

=t 

Sheep  corpuscles. " 

+  +  + 

Chicken  liver. 

+  +  + 

Dog  corpuscles. 

+  +  + 

"      fibrin. 

± 

"        corpuscles. 

+  +  + 

"      serum. 

± 

Egg  white. 

± 

"        serum. 

^ 

"      fibrin. 

Casein    (Hammer- 
sten). 

+  +  + 

Rabbit  liver. 

+  +  + 

Cat  liver. 

+  +  + 

Edestin  (Merck). 

+  +  + 

"       corpuscles. 

+  +  + 

"     corpuscles. 

+  +  + 

Ricin  (Merck). 

+  + 

Guinea  pig  serum. 

=^ 

Dog  liver. 

+  +  + 

Sheep  serum. 

=^ 

brought  to  autodigestion  only  by  the  influence  of  the  substrates,  is 
not  shown  by  this  experiment.  The  question  will  be  discussed  in 
more  detail  below.  Among  the  substrates  tested,  the  serum  and 
fibrin  of  various  animals  and  egg  white  remained  indifferent  to  the 
proteolytic  ferment  of  serum.  The  presence  of  such  a  polyvalent 
proteolytic  ferment  in  normal  serum  is  already  known. 

Autodigestion  of  Normal  Serum  through  the  Action  of  Certain  Chemicals. 

Quite  distinct  from  the  proteolytic  phenomenon  already  described 
is  the  autodigestion  of  normal  serum  brought  about  through  the  in- 
tervention of  non-nitrogenous  chemicals  such  as  acetone,  alcohols, 
and  chloroform.     Table  II  gives  the  results  obtained  when  these 

TABLE    II. 

Autodigestion  of  Normal  Serum  as  a  Result  of  Treatment  with  Certain  Chemical 


Test 
No. 

Dialjzed 
guinea 

pie 

Chemical  reageats. 

Digested. 

Ninhydrin 
test. 

1 
2 
3 
4 

2.0 
2  0 
2.0 
2.0 

•Acetone  (Kahlbaum)  0.8  cc. 
Methyl  alcohol  (Kahlbaum)  1.0  cc. 
Chloroform  (Kahlbaum),  shaken,  2.0  cc. 
Salt  solution  1.0  cc. 

In  thimble  at 
37°C.  for  16 
hrs. 

-h  +  + 
-F  +  -1- 
+  +  + 
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chemicals  were  added  to  the  dialyzed  guinea  pig  serum,  and  the  mix- 
ture was  incubated  at  37°C.  for  16  hours.  This  phenomenon  seems  to 
suggest  a  sort  of  activation  of  the  serum  ferment  by  these  chemicals. 
The  object  of  the  following  experiment  was  to  determine  the 
optimal  concentration  of  acetone  for  a  given  volume  of  serum  in  order 
to  cause  autodigestion.  The  dialyzed  guinea  pig  serum  (2  cc.)  was 
mixed  in  test-tubes  with  1  cc.  of  acetone  of  various  concentrations. 
After  standing  for  30  minutes  at  room  temperature,  the  contents  of 
each  test-tube  were  transferred  into  a  thimble  and  digested  at  37°C. 
for  16  hours.  The  dialysates  outside  the  thimbles  were  tested  with 
ninhydrin  (Table  III). 

TABLE    III. 

Optimal  Concentration  of  Acetone  to  Activate  Serum. 


Test  No. 

Dialyzed  guinea 
pig  serum. 

Salt  solution. 

Acetone. 

Concentration  of 
acetone  mixture. 

Ninhydrin  test. 

cc. 

cc. 

cc. 

per  cent 

1 

2.0 

0 

1.0 

iih 

— 

2 

2.0 

0.3 

0.7 

2i\ 

-f  +  + 

3 

2.0 

0.5 

0.5 

161 

-1- 

4 

2.0 

0.7 

0.3 

10 

± 

5 

2.0 

0.8 

0  2 

6! 

± 

6 

2.0 

0.9 

0.1 

3J 

=t 

7 

2.0 

1.0 

0 

0 

=^ 

As  will  be  seen  from  the  table  the  optimal  concentration  of  ace- 
tone is  very  limited,  and,  according  to  repeated  tests,  it  lies  between 
23  and  28.5  per  cent.  Either  a  lower  or  a  higher  concentration  than 
this  causes  less  effect,  and  no  digestion  takes  place  beyond  a  certain 
point.  An  amount  of  acetone  which  is  sufficient  to  produce  a  strong 
turbidity  or  precipitation  in  the  serum  destroys  the  serum  ferment 
at  the  same  time,  and  there  is  no  means  of  securing  an  active  fer- 
ment by  precipitating  it  from  the  serum  with  acetone.  The  same  is 
true  when  the  serum  is  precipitated  with  alcohol.  The  extreme 
lability  of  the  serum  ferment  against  acetone  and  alcohol  presents 
a  striking  contrast  to  pepsin,  trypsin,  and  other  ferments,  which,  as 
is  well  known,  withstand  treatment  with  these  reagents. 

In  autodigestion  the  serum  no  doubt  plays  the  part  of  the  ferment 
solution  as  well  as  of  the  substrate;  hence,  the  more  serum  is  used. 
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ceteris  paribus,  for  digestion,  the  more  split  products  are  to  be  found 
in  the  dialysate.  The  relation  of  varying  amounts  of  serum  to  di- 
gestion, under  constant  acetone  concentration,  was  considered  in  the 
next  experiment  (Table  IV).  The  result  shows  that  under  the  same 
conditions  of  total  liquid  volume  and  acetone  concentration  the  con- 
centrated serum  solution  produces  more  dialyzable  substances  than 
the  diluted  one. 


Relation  between  Various  Amounts  of  Serum  and  tlie  Degree  of  Autodigcstion  under 
Constant  Acetone  Concentration. 


Test  No. 

Dialyzed  guinea 
pig  serum. 

Salt  solution. 

Acetone. 

Ninhydrin  test. 

1 

2.0 

0.2 

0.8 

-I-I-  + 

2 

1.0 

1.2 

0.8 

+ 

3 

0.5 

1.7 

0.8 

<  + 

4 

0.25 

1.95 

0.8 

± 

5 

0.1 

2.1 

O.S 

— 

6 

0.05 

2.15 

0.8 

— 

7 

2.0 

1.0 

0 

^ 

Influence  of  Higher  Teniperaliire  on  the  Scrum  Protease. 

The  test-tubes,  each  containing  2  cc.  of  the  dialyzed  guinea  pig 
serum,  were  placed  in  the  water  bath  regulated  at  37°,  55°,  and 
60°C.,  respectively.  After  30  minutes  the  tubes  were  taken  out  of 
the  baths  and  allowed  to  cool  at  room  temperature.  An  adequate 
amount  of  acetone  or  substrate  (boiled  chicken  liver)  was  then 
added  to  the  serum  to  permit  detection  of  the  presence  of  the  ferment 
(Table  V).  The  proteol3^tic  ferment  of  serum,  as  the  result  shows, 
survives  exposure  to  55°C.  for  30  minutes,  but  it  is  completely  de- 
stroyed by  heating  at  60°C.  for  30  minutes.  The  serum  to  which  a 
suitable  amount  of  acetone  or  a  substrate  had  been  added  did  not 
undergo  autodigestion  when  placed  in  the  incubator  at  55°C.  The 
optimal  temperature  for  the  action  of  this  ferment  seems  to  be  37°C. 
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TABLE   V. 
Resistance  of  the  Serum  Protease  to  Temperature. 


Test  No. 

Dialyzed  guinea 
pig  scrum. 

Temperature 
applied. 

Further  treatment. 

Ninhydrin  test. 

1 

2 

3 

2.0 
2.0 
2.0 

°C. 
37 

Acetone  0.8  cc. 

Substrate. 

Salt  solution  0.8  cc. 

+  +  + 
+  +  + 

4 
6 

2  0 
2.0 
2.0 

55 

Acetone  0.8  cc. 

Substrate. 

Salt  solution  0.8  cc. 

+  +  + 
+  +  + 

7 
8 
9 

2.0 
2.0 
2.0 

60 

.Acetone  0.8  cc. 

Substrate. 

Salt  solution  0.8  cc. 

• 

Digestion  Experiment  in  Test-Tubes  without  Simultaneous  Dialysis. 

In  the  preceding  experiment  autodigestion  proceeded  simultane- 
ously with  dialysis,  since  the  serum  and  substrates  or  chemical  activa- 
tors were  placed  in  a  dialyzing  thimble  from  the  beginning.  The 
question  naturally  arose  whether  or  not  the  rate  of  digestion  would 
be  equally  great  if  the  mixture  were  put  in  a  test-tube  instead  of  a 
dialyzing  thimble.  There  was  reason  to  think  that  certain  chemical 
activators  such  as  acetone  or  alcohols  would  exert  in  test-tubes  an 
injurious  effect  upon  the  serum  ferment  when  added  in  proportions 
optimal  for  a  dialyzing  thimble,  because  in  the  latter  a  continuous 
reduction  of  the  chemicals  through  osmosis  must  constitute  a  factor 
for  yielding  a  maximum  hydrolysis.  In  other  words,  the  amounts 
of  the  reagents  for  digestion  in  thimbles  would  be  too  large  for  an 
optimal  action  of  the  ferment  in  test-tubes.  This  proved  to  be  the 
case,  as  may  be  seen  from  the  experiment  recorded  in  Table  VI. 

Test  1  is  a  control  test,  showing  the  digesting  power  of  the  serum 
alone,  without  any  treatment.  Test  2  is  another  control,  which  dem- 
onstrates positive  autodigestion  caused  by  acetone.  Test  3  shows 
that  the  serum  loses  its  proteolytic  power  when  mixed  with  acetone 
and  kept  at  a  temperature  of  37°C.  for  30  minutes.  Test  4  shows 
that  the  acetonized  serum  which  stands  at  room  temperature  for  30 
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minutes  and  then  at  37°C.  for  30  minutes  is  also  inactivated.  Test  5 
shows  that  inactivation  also  takes  place  when  the  serum  is  acetonized 
immediately  after  being  taken  out  of  the  water  bath.  Test  6  shows 
that  a  previous  incubation  of  the  serum  for  30  minutes  at  37°C. 
has  no  injurious  effect  upon  the  fennent  action  if  acetone  is  introduced 
after  the  serum  has  been  sufficiently  cooled  by  standing  30  minutes 
after  the  bath. 

The  foregoing  experirnents  indicate  that  the  quantity  of  acetone 
inducing  an  optimal  digestion  of  the  serum  in  a  dialyzing  thimble 
destroys  the  ferment  in  30  minutes  when  the  mixture  is  kept  at  37° C, 


TABLE    VI. 


Effect  of  Acetone  upon  the  Serum  Protease  in  the  Tesl-Tube  at  Different 
Temperatures. 


Test  No. 

Dialyzed  guinea  pig  serum  2  cc.  in  test-tube. 

Transferred  into 
thimble;  digested 
at  37°C.  for  16  hrs. 

At  iTC.  in 
water  bath. 

At  room 
temperature. 

Acetone. 

At  room 
temperature. 

At  ire.  in 
water  bath. 

Ninhydrin  test. 

1 

2 
3 
4 
5 
6 

30 
30 

30 
30 

0  8 
0  8 
0.8 
0.8 
0  8 

30 

30 
30 
30 

30 
30 

+  +  + 
+  +  + 

while  no  injurious  effect  can  be  detected  when  it  is  kept  at  room 
temperature  for  half  an  hour. 

That  the  use  of  the  dialyzing  thimble  is  an  important  factor  in 
attenuating  the  destructive  action  of  acetone  upon  the  ferment  through 
rapid  exosmosis  of  the  reagent  is  shown  by  the  presence  in  the  dialysate 
of  some  acetone  soon  after  dialysis  began.  Prevention  of  exosmosis  of 
acetone  from  the  dialyzing  thimble  by  the  addition  to  the  outside 
water  of  acetone  in  exactly  the  same  proportion  as  that  contained  in 
the  serum  within  the  thimble  results  in  total  inactivation  of  the 
serum  protease,  as  will  be  seen  from  the  following  experiment. 

In  Test  2,  2  cc.  of  dialyzed  guinea  pig  serum  were  placed  in  a  thimble  with 
0.8  cc.  of  acetone.     Instead  of  the  usual  distilled  water  15  cc,  a  mixture  of  dis- 
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tilled  water  10.7  cc,  and  acetone  4.3  cc,  \va,s  placed  outside  the  thimble.  The 
concentration  of  acetone  was  then  equal  on  both  sides  of  the  thimble.  As  was 
expected,  at  the  end  of  the  usual  incubation  period,  no  digestion  was  found  to 
have  taken  place. 

Unlike  acetone,  chloroform  and  tissue  substrates  exert  no  injurious 
action  upon  the  ferment,  even  when  employed  in  excessive  quantities; 
hence  autodigestion  by  means  of  these  substances  can  be  carried  out 
in  test-tubes. 

Removal  of  the  Activating  Reagents  from  tlie  Mixture  with  Scrum. 

Tlte  phenomenon  of  autodigestion  of  serum  through  the  iiiterven- 
tion  of  certain  reagents,  belonging  chiefly  to  the  group  of  so  called 
fat  solvents,  arouses  interest  as  to  the  causes  underlying  this  inter- 
action. With  acetone  and  the  simpler  alcohols  it  was  noticed  that  a 
faint  opalescence  appears  when  the  reagents  are  mixed  with  serum 
in  the  optimal  proportion.  Whether  or  not  this  slight  physical 
change  has  any  relation  to  autodigestion  is  not  apparent.  More- 
over, in  the  case  of  chloroform,  which  is  an  excellent  activator,  no 
perceptible  change,  except  the  emulsification  of  the  serum,  takes 
place.  One  might  assume  that  autodigestion  is  brought  about  by 
the  extraction  of  fatty  and  lipoidal  substances  from  the  serum  pro- 
teins, thus  enabling  the  serum  protease  to  act  upon  the  delipolyzed 
proteins.  But  ether,  benzene,  toluene,  or  petroleum  ether,  in  spite 
of  their  delipolyzating  powers,  have  no  activating  property.  At  all 
events,  it  seemed  important  to  ascertain  what  would  happen  if  the 
chemicals  once  mixed  with  the  serum  were  extracted  from  the  mix- 
ture. As  will  be  shown  in  the  following  experiments,  it  was  found 
that  serum  once  acetonized  or  treated  with  other  suitable  chemical 
activators  in  proper  proportions  remains  autodigestive  even  after 
the  activators  are  completely  removed.  The  continued  presence  of 
the  activating  reagents  in  the  serum  is  not  necessary  in  order  to 
induce  autodigestion. 

The  chemical  activators  can  be  eliminated  from  the  mixture  with 
serum  either  by  (1)  evaporation,  (2)  dialysis,  or  (3)  treatment  with 
other  indifferent  substances  which  free  the  serum  from  the  activating 
chemicals. 
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Evaporation  Method. — Evaporation  by  means  of  vacuum  is  prefer- 
able, because  it  can  be  done  at  a  lower  temperature  and  with  the , 
least  risk  of  bacterial  contamination.     A  temperature  above  15°C. 
should  be  avoided,  since,  in  the  mixture  with  activators,  the  activity 
of  the  ferment  is  highly  sensitive  to  higher  temperatures. 

A  mixture  of  serum  with  an  adequate  amount  of  a  chemical  acti- 
vator is  put  into  a  large  sterile  Petri  dish,  the  cover  replaced,  and 
the  whole  placed  in  a  desiccator,  which  is  then  exhausted  by  means  of 
vacuum.     As  soon  as  the  pressure  drops  below  a  certain  point,  the 


TABLE    VII. 

Efect  cf  the  Removal  of  Acetone  from  the  Scnim  Mixture  by  Evaporation  in  Vacuo. 


S 

ii 
Is 

.a '5. 
a 

< 

Further  treatment 

Digested  in 
thimble. 
Dialysate. 

Test  lor 
acetone. 

Ninhy- 
drintest. 

1 

2.0 

0 
0.8 

Controls.       No  further  treat- 
ment. 

- 

=t 

2 

2.0 

-f-l- 

-|--|-f- 

3 

2.0 

0.8 

Acetone    evaporated    to    the 
point  when  bubbling  ceased. 
Volume  restored  to  2  cc. 

-t- 

+  -r  + 

4 

2.0 

0.8 

.\cetone  0.8  cc. 

+  + 

+  +  + 

5 

2.0 

0.8 

Acetone    completely    removed 
by     desiccation     in     vacuo. 
Volume  restored  to  2  cc. 

- 

+++ 

6 

2.0 

0.8 

Aceton"  0.8  cc. 

+  + 

+  +  + 

7 

2.0 

O.S 

Boiled. 

- 

- 

contents  of  the  dish  begin  to  bubble.  During  the  bubbling  care 
must  be  taken  to  avoid  loss  of  the  hquid  by  overflow  by  regulating 
the  speed  of  evaporation.  The  liquid  ceases  to  bubble  in  a  few  min- 
utes, as  much  of  the  activating  reagents  is  already  driven  out  of  the 
mixture,  but  the  odor  reveals  the  presence  of  the  small  amount  re- 
maining. For  complete  removal  of  the  reagents,  evaporation  must 
be  continued  until  the  contents  of  the  dish  are  quite  or  nearly  dried 
up.  The  residue  obtained  is  then  redissolved  in  sterile  distilled  water 
of  a  volume  equal  to  that  of  the  original  dialyzed  serum. 
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Acetone,  chloroform,  and  methyl  alcohol  can  be  easily  removed 
by  this  method,  on  account  of  their  having  a  lower  boiling  point  than 
the  higher  alcohols.  But  the  higher  series  of  alcohols,  having  a 
higher  boiling  point  than  that  of  distilled  water,  cannot  be  satisfac- 
torily eliminated  by  this  method. 

TABLE   VIII. 

Effect  of  the  Removal  of  Chloroform  from  the  Serum  Mixture  by  Evaporation  in 

Vacuo. 


s 

^ 

S 
.a  . 

SB 

li 

.da 
Q 

Further  treatment. 

"1.9 

1 

2.0 

Control.     No  further  treatment. 

^ 

2 

?.o 

Shaken   with   chloro- 
form      repeatedly; 
stood  at  room  tem- 
perature for  30  min. 

+++ 

3 

2.0 

Chloroform  complete- 
ly evaporated.  Vol- 
ume restored  to  2  cc. 

* 

4 

2.0 

Shaken    again 
with  chloro- 
form. 

+++ 

5 

2.0 

Shaken   with   chloro- 
form      repeatedly; 
stood   at   6°C.   for 
30  min. 

+++ 

6 

2.0 

Chloroform  complete- 
ly evaporated.  Vol- 
ume restored  to  2  cc. 

+++ 

7 

2.0 

Shaken    again 
with  chloro- 
form. 

+++ 

8 

2.0 

Boiled. 

- 

The  behavior  of  the  serum  ferment  after  it  has  been  freed  from  its 
activators  by  evaporation  is  shown  in  Tables  VII  and  VIII.  These 
tables  show  that  acetone  and  chloroform  can  be  completely  removed 
from  the  mixture  without  any  loss  in  the  autodigestive  activity  of 
the  serum,  since  it  had  already  been  activated  by  the  reagents 
(Table  VII.Test  5;  Table  VIII,  Test  6).  There  is,  however,  a  slight 
difference  between  the  two  reagents  in  their  mode  of  action.  The 
activating  action  of  acetone  is  rather  rapid,  while  that  of  chloro- 
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form  is  much  slower  (Table  VIII,  Test  3),  requiring  nearly  2  hours 
to  insure  an  activation  which  will  endure  after  the  evaporation  of 
the  chemical. 

Dialysis  Method. — This  method  can  be  used  only  for  the  elimina- 
tion of  water-soluble  substances,  such  as  acetone  and  the  lower  alco- 
hols. It  is  unavailable  for  chloroform  and  certain  higher  alcohols 
which  are  insoluble  or   less  soluble  in  water.     In  order  to  utilize 


TABLE    IX. 

Effect  of  the  Removal  of  Acetone  from  the  Serum  Mixture  by  Evaporation  and 
Dialysis. 


Test 

No. 

Dia- 
lyzed 
guinea 

pig 
serum. 

Acetone. 

Further  treatment. 

Digested  is 
thimble. 
Dialysate. 

Ninhy- 
drin 
test. 

Test  for 
acetone - 

1 

2.0 

0 

Controls.    No  further  treatment. 

* 

_ 

2 

2.0 

0.8 

4-  +  + 

+  + 

3 

2.0 

0.8 

Acetone       partly 
evaporated   im- 
mediately after 
having         been 
mLxed  with  se- 
rum. 

-!-  +  -(- 

+ 

4 

•2.0 

0.8 

Residual  acetone 
removed       by 
dialysis    for   2 
hrs. 

- 

5 

2  0 

0.8 

Acetone 
0.8  c 

+  +  + 

+  + 

6 

2  0 

0.8 

Acetone       partly 
evaporated  after 
standing      with 
serum     for     30 
min.    at     room 
temperature. 

+++ 

+ 

7 

2.0 

0.8 

Residual  acetone 
removed       by 
dialysis   for   2 
hrs. 

-t-l-l- 

- 

8 

2.0 

0.8 

Acetone 
0.8  cc. 

-f--l--l- 

+  + 

celloidin  membrane  for  dialysis  it  was  necessary  to  remove,  by  a 
brief  preliminary  evaporation  in  vacuo,  much  of  the  reagent  from  the 
mixture,  as  the  presence  of  acetone  in  such  a  concentration  may 
affect  the  membrane.  Complete  removal  of  the  reagent  is  then 
effected  by  dialysis  in  celloidin  sacs  for  2  hours  in  running  salt  solu- 
tion. This  combined  method  was  used  for  the  serum  employed  in 
Table  IX. 
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As  Test  4  shows,  digestion  cannot  take  place  when  the  acetone 
is  removed  immediately  after  being  mixed  with  the  serum.  If  re- 
moval is  begun  after  the  mixture  has  already  been  allowed  to  stand 
at  room  temperature  for  30  minutes,  however,  there  is  no  difference 
in  the  ultimate  outcome  (Test  7).  It  is  therefore  advisable,  in  order 
to  insure  a  thorough  activation,  to  keep  the  mixture  of  serum  and 
acetone  at  room  temperature  for  at  least  30  minutes  before  further 
treatment  is  started. 

Extraction  with  Indifferent  Fat  Solvents. — As  indifferent  substances 
for  the  removal  of  chloroform  or  acetone  from  the  serum  by  ex- 
traction, ether  and  petroleum  ether  were  used,  since  they  were  found 
to  possess  neither  an  activating  nor  an  injurious  effect  upon  the  serum 

TABLE   X. 
Efect  of  Extraction  by  Means  of  Petroleum  Ether  of  the  Acetonized  Serum. 


Test  No. 

Kind  of  serum. 

Further  treatment. 

Digested  in 

thimble. 

Ninhydrin 

test. 

1 

2 
3 

Extracted  serum  2  cc. 

Alone. 

Acetone  0.8  cc. 

Emulsion  of  residuum  0.5  cc. 

-f-  +  -|- 
-l-  +  -t- 
+  +  + 

4 
5 
6 

Une.xtracted  dialyzed  guinea 
pig  serum  2  cc.  (controls). 

Alone. 

Acetone  0.8  cc. 

Emulsion  of  residuum  0.5  cc. 

-I--I-  + 

ferment.  It  was  understood  from  the  beginning  that  even  by  re- 
peated and  renewed  extractions  the  acetone  or  alcohols  cannot  be 
completely  exhausted  from  the  serum  admixtures.  However,  a 
point  of  interest  in  this  mode  of  extraction  Hes  in  the  fact  that  by  it 
not  only  the  added  chemicals,  but  also  the  native  fats  and  lipoids 
are  removed,  as  is  not  the  case  in  the  evaporation  or  dialysis  methods. 
Methyl  alcohol  is  far  less  amenable  to  extraction  from  its  mixture 
with  serum,  either  by  ether  or  by  petroleum  ether.  An  experiment 
in  which  this  method  was  used  follows. 

4  cc.  of  acetone  were  mixed  with  10  cc.  of  dialyzed  guinea  pig 
serum  in  a  large  centrifuge  tube.  After  the  mixture  had  been  stand- 
ing for  30  minutes  at  room  temperature  10  cc.  of  petroleum  ether 
were  added  to  the  liquid,  which  was  then  shaken  energetically.     The 
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emulsified  liquid  was  centrifuged  and  the  clear  upper  layer,  con- 
sisting of  petroleum  ether  and  acetone,  separated  with  a  pipette. 
The  extraction  procedure  was  repeated  five  times  and  the  extracted 
serum  subsequently  placed  in  a  vacuum  apparatus  in  order  to  re- 
move the  petroleum  ether.  The  portions  of  petroleum  ether  contain- 
ing fractions  of  acetone  and  representing  several  renewed  extractions 
were  reunited  and  evaporated  in  vacuo.  The  residue  was  emulsified 
in  1  cc.  of  salt  solution  (Table  X). 

As  far  as  the  experiment  is  concerned,  the  extraction  of  the  acetone 
from  the  acetonized  serum  with  petroleum  ether  makes  no  difference 
in  the  digesting  process  (Test  1).  In  other  words,  the  absence  of 
the  substances  of  serum  soluble  in  petroleum  ether  and  acetone  has  no 
influence  on  the  autodigestion  of  scrum.  It  is  interesting  to  note 
further  that  the  addition  of  the  lipoidal  emulsion  had  neither  an  in- 
hibitory action  nor  an  accelerating  influence  upon  the  ferment  ac- 
tivity of  either  the  extracted  (Test  3)  or  the  unextracted  (Test  6) 
serum.  There  was  no  antiferment  in  this  fraction  against  the  serum 
protease  in  question." 

Influence  of  Reactions  upon  the  Scrum  Protease. 

It  is  well  known  that  the  activity  of  a  ferment  is  greatly  influenced 
by  the  reaction  of  the  medium  in  which  it  is  found.  In  order  to 
ascertain  the  optimal  reaction  for  the  serum  protease,  experiments 
were  performed  in  which  the  digestion  of  the  serum  was  carried  out 
in  various  reactions.  For  this  purpose  amounts  ranging  from  0.01 
to  1  cc.  of  a  0.1  N  solution  of  hydrochloric  acid  or  sodium  hydroxide 
were  added  to  a  number  of  test-tubes,  each  containing  a  mixture  of 
dialyzed  guinea  pig  serum  2  cc,  and  acetone  1  cc.  The  total 
volumes  of  the  mixtures  were  made  uniformly  4  cc.  by  adding  salt 
solution  in  the  necessary  amounts.  The  mixtures  were  allowed  to 
stand  at  room  temperature  for  30  minutes  and  then  were  transferred 

'  The  inactivity  of  the  lipoid  and  fatty  constituents  of  serum  as  an  antifer- 
ment is  attributed  by  Jobling  and  Petersen  (7.  Exp.  Med.,  1914,  xix,  549)  to  an 
imperfect  dispersion  after  they  are  once  extracted.  By  saponification  they  found 
them  to  be  highly  antienzymic.  It  seems  open  to  discussion  whether  the  anti- 
enzymic  property  of  an  unsaturated  soap  can  explain  the  original  antiferment  of 
the  serum. 
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to  a  corresponding  number  of  dialyzing  thimbles  for  incubation. 
The  thimbles  were  placed  in  dialyzing  flasks  containing  distilled 
water  to  which  such  quantities  of  acid  or  alkali  were  added  as  would 
make  the  reaction  correspond  exactly  with  the  acidity  or  alkalinity 
of  the  contents  of  each  thimble.  The  digestion  was  continued  for 
16  hours  at  37°C.  On  account  of  the  disturbing  effect  of  acid  or 
alkali  upon  the  ninhydrin  reaction,  the  acidity  or  alkalinity  of  the 


TABLE    XI. 
Effect  of  Acid  and  Alkali  on  the  Autodigestion  of  Serum. 


Test 
No. 

Dialyzed 

guinea 

pig 

Ace- 
tone. 

Acid  or  alkali. 

Salt 
solution. 

Concentration  of  reaction 
in  medium.* 

Digested 

thimble. 

Ninhy- 
drin 
test. 

cc. 

cc. 

0  1    N     hydro- 

cc. 

* 

chloric  acid. 

1 

2.0 

1.0 

1  00 

0.00 

n/40       hydrochloric  acid. 

— 

2 

2  0 

1.0 

0  50 

0.50 

N/80 

— 

3 

2  0 

10 

0  2,S 

0.75 

N/160 

— 

4 

2.0 

10 

0  10 

0.90 

n/400             "               " 

=fc 

5 

2.0 

10 

0  05 

0.95 

n/800 

+  +  + 

6 

2.0 

1.0 

0  01 

O.'Q 

n/4,000 

+  +  + 

7 

2.0 

1.0 

0 

0.1    N    sodium 

hydroxide. 

l.CO 

0 

+  +  + 

8 

2.0 

1.0 

0.01 

0.99 

n/4,000  sodium  hydroxide. 

+  +  + 

9 

2.0 

1.0 

0.05 

0.95 

N/800 

+  + 

10 

2.0 

1.0 

0.10 

0.90 

n/400 

— 

11 

2.0 

10 

0.25 

0.75 

n/160 

— 

12 

2  0 

1.0 

0  50 

0.50 

n/80           "             " 

— 

13 

2.0 

1.0 

1  00 

0.00 

n/40 

- 

*  The  figures  under  this  heading  give  the  resulting  degrees  of  the  reaction  in 
the  mixtures.    The  alkalinity  of  the  serum  itself  after  dialysis  is  weaker  than 


1,000 


sodium  hydroxide  and  is  therefore  ignored  in  the  calculation  (Test  7). 


dialysates  was  neutralized  upon  the  completion  of  digestion  (Table 
XI).  A  parallel  series  of  experiments  was  carried  out  with  alanine 
solution  as  controls. 

As  may  be  seen  from  Table  XI,  the  serum  protease  is  highly  sen- 
sitive to  the  change  in  the  reaction  of  the  medium.     The  optimal  re- 
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action  for  the  ferment  action  is  that  of  the  dialyzed  serum,  or  at 
least  is  within  the  narrow  limits  on  each  side  of  it,  either  toward  acid 
or  alkaline.  Even  a  slight  deviation  in  the  reaction  beyond  these 
limits  affects  the  activity  of  the  serum  ferment. 

Certain  Chemical  Reagents  as  Activators  of  the  Serum  Protease. 

In  addition  to  acetone,  chloroform  and  some  alcohols  were  found 
to  be  ferment  activators,  and  there  may  be  others  which  behave 
similarly.  On  the  other  hand,  ethyl  ether,  petroleum  ether,  ben- 
zene, and  toluene  have  neither  an  activating  nor  a  paralyzing  action. 
They  are  indifferent  towards  the  serum  protease. 

Chloroform  as  a  ferment  activator  has  been  much  discussed  in 
preceding  sections.  Chloroform  has  as  much  activating  power  as 
acetone.  However,  the  simple  addition  of  chloroform  to  serum  does 
not  have  much  effect.  The  mixture  must  be  energetically  and  re- 
peatedly shaken  in  order  to  insure  activation.  For  digestion,  the 
emulsion  of  the  mi.xture  as  a  whole  may  be  placed  in  the  incubator; 
or  one  may  use  only  the  upper  semitransparent  layer  which  appears 
when  the  emulsion  is  allowed  to  stand  for  a  few  minutes  at  room 
temperature,  while  the  greater  part  of  the  clear  transparent  chloro- 
form settles  at  the  bottom  of  the  tube.  With  chloroform  there  is  no 
optimal  proportion  to  be  added  to  the  serum;  the  ferment  is  not 
affected  at  all,  even  when  the  chloroform  is  added  in  excess  to  the 
serum.  That  chloroform  requires  a  longer  time  for  activating  the 
serum  ferment  than  does  acetone  has  already  been  noted  (Table  VIII). 

In  the  following  experiments  some  monovalent  saturated  alcohols 
and  ketones  were  tested  for  their  activating  property. 

Varying  amounts  of  different  ketones  and  alcohols  were  added 
to  2  cc.  of  the  dialyzed  guinea  pig  serum  in  test-tubes.  Before  the 
addition  of  the  reagents  adequate  amounts  of  salt  solution  were 
added  to  the  serum  in  order  that  the  total  volume  in  each  test  should 
be  3  cc.  With  substances  which  are  less  soluble  or  insoluble  in 
serum,  the  mixtures  were  repeatedly  shaken.  All  the  tubes  were 
allowed  to  stand  for  30  minutes  at  room  temperature  anA  then  were 
transferred  into  dialyzing  thimbles  to  be  placed  in  the  incubator  at 
37°C.  for  16  hours  (Tables  XII  and  XIII). 
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The  ketones  and  alcohols  behave  similarly  towards  the  serum 
ferment.  A  certain  optimal  concentration  activates  ferment,  and  an 
excess  injures  it.  Moreover,  it  seems  to  be  a  rule  among  the  re- 
agents that  the  higher  molecular  substances  of  the  series  are  gener- 
ally more  active  than  the  lower  ones.  The  optimal  concentration, 
therefore,  for  activating  ferment  was  found  to  be  approximately  33 
per  cent  for  methyl  alcohol,  23  to  27  per  cent  for  ethyl  alcohol,  and 
20  per  cent  for  isopropyl  alcohol.     This  rule  seems  to  apply  also  to 

TABLE    XII. 
Activating  Power  of  Ketones  on  the  Serum  Protease. 


Dialyzed 

Salt 

Reagent. 

Test 

Acetone. 

Test 

Metbylethyl  ketone. 

pig 
serum. 

solution. 

Amount. 

Concen- 
tration. 

No. 

Appearance  of 
mixture. 

Ninhy- 
drin 
test. 

No. 

Appearance  of 
mi.\ture. 

Ninhy- 
drin 
test. 

cc. 

c 

cc. 

per  cent 

2.0 

0 

1.0 

m 

1 

Turbid. 

- 

7 

Emulsified. 

- 

2.0 

0.3 

0.7 

2Si 

2 

Slight      tur- 
bidity. 

+  +  + 

8 

" 

— 

2.0 

OS 

0.5 

161 

3 

Clear. 

+ 

9 

" 

+  • 

2.0 

0.7 

0.3 

10 

4 

'* 

=^ 

10 

Slight      tur- 
bidity. 

+ 

2.0 

0.8 

0.2 

61 

5 

" 

± 

11 

Clear. 

± 

2.0 

0.9 

0.1 

3J 

6 

*' 

* 

12 

" 

=^ 

*  The  optimal  concentration  of  methylethyl  ketone  for  digestion  -t-  +  -t-  lies 
between  10  and  16.7  per  cent. 

ketones,  though  the  tested  substances  were  very  few.  The  rule  is 
well  defined  only  for  the  lower  series  of  substances  which  can  be 
mixed  with  water  in  any  proportion.  In  the  case  of  the  higher  series, 
which  are  less  soluble  in  water,  the  relation  is  not  so  constant,  as  will 
be  seen  from  the  results  of  tests  with  butyl  and  amyl  alcohols.*" 
Finally,  the  still  higher  series,  such  as  octyl  alcohols,  which  are  not 
soluble  in  water,  have  no  activating  power  for  the  serum  ferment. 


'"The  isobutyl  alcohol  is  soluble  in  10.5  parts  of  water  at  18°C.,  and  the  isoamyl 
alcohol  in  39  parts  of  water  at  16.5°C. 


TABLE    XIII. 
Activating  Power  of  Alcohols  on  the  Serum  Protease. 


Reagent. 

Methyl  alcohol. 

Ethyl  alcohol. 

Isopropyl  alcohol. 

Isobutyl  alcohol. 

3 

g.i 

Appearance 

Ninhy- 

Appearance 

Ninhy- 
drin 
test. 

Appearance 

>.■" 

Appearance 

Ninhy- 
drin 
test. 

1 

r^ 

of  rai.xture. 

drin  test. 

of  mi.xture. 

of  mixture. 

g-S 

of  mixture. 

cc. 

per 

cent 

1.0 

33i 

Opales- 
cent. 

+  +  +* 

Strong 
turbid- 
ity. 

Strong 
turbid- 
ity. 

Emulsi- 
fied. 

0.7 

23i 

+ 

Opales- 
cent. 

+  +  + 

Opales- 
cent. 

+ 

— 

0.5 

161 

" 

<  + 

" 

+ 

" 

+  +  t 

" 

- 

0.3 

10 

Clear. 

* 

Clear. 

=^ 

Clear. 

* 

Slrong 
turbid- 
ity. 

<  + 

0.2 

65 

" 

=*= 

" 

=^ 

" 

* 

Slight  tur- 
bidity. 

+  +  + 

0.1 

3* 

" 

=fc 

" 

± 

" 

± 

Clear. 

± 

0  07 

2* 

" 

± 

0.05 

1! 

=^ 

Reagent. 

Isoamyl  a 

cohol. 

.Amyl  alcohol,  active 

Octylalcohol, 

normal. 

Octyl  Alcohol  2. 

3 
< 

g.i 

Appearance 
of  mixture. 

Ninhy- 
drin  test. 

Appearance 
of  mixture. 

Ninhy- 
test. 

.Appearance, 
of  mixture. 

.Appearance 
of  mixture. 

Ninhy- 
drin 
test. 

cc. 

per 
cent 

1.0 

33i 

Emulsi- 
fied. 

<  + 

Emulsi- 
fied. 

<  + 

Emulsi- 
fied. 

=^ 

Emulsi- 
fied. 

=*= 

0.7 

23i 

" 

+ 

" 

+ 

" 

± 

" 

± 

0.5 

161 

" 

+ 

+  +  + 

" 

± 

" 

± 

0.3 

10 

" 

+  +  + 

" 

+  +  + 

" 

± 

" 

± 

0.2 

61 

" 

+  +  + 

" 

+  +  + 

" 

± 

" 

=*= 

0  1 

3i 

Moderate 
turbid- 
ity. 

+  +  + 

Slight  tur- 
bidity. 

+  +  + 

0  07 

23 

Slight  tur- 
bidity. 

=*= 

Clear. 

+ 

0  05 

If 

Clear. 

=t 

" 

=t 

" 

± 

" 

± 

0.03 

1 

" 

± 

" 

± 

'* 

* 

" 

=*= 

0  02 

3 

" 

± 

" 

± 

" 

± 

" 

=t 

0.01 

i 

" 

=^ 

'* 

=^ 

" 

* 

=*= 

*The  methyl  alcohol,  when  added  in  a  1.5  cc.  amount  to  2  cc.  of  dialyzed 
serum,  destroys  the  ferment. 

t  The  concentration  of  isopropyl  alcohol  giving  the  maximal  digestion  is  about 
20  per  cent. 
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SUMMARY    AND    CONCLUSIONS. 

1.  By  means  of  certain  chemical  reagents,  normal  guinea  pig  serum 
can  be  brought  to  autodigestion  without  the  presence  of  any  foreign 
substrate.  There  exists  in  normal  sera  a  highly  characteristic 
protease. 

2.  The  serum  ferment  survives  heating  at  55°C.  for  30  minutes, 
but  is  completely  inactivated  at  60°C.  for  the  same  length  of  time. 

3.  The  autodigestion  of  serum  requires  a  temperature  of  about 
37°C.,  and  no  noticeable  digestion  takes  place  at  a  temperature 
of  16°C.  or  lower. 

4.  Autodigestion  of  the  serum  may  be  brought  about  by  chloro- 
form and  various  saturated  monovalent  ketones  and  alcohols  of  the 
lower  series. 

5.  The  ketones  and  alcohols  have  a  certain  narrow  limit  of  con- 
centration for  activating  serum,  beyond  which  the  ferment  is  de- 
stroyed, even  at  room  temperature. 

6.  The  ketones  and  alcohols  in  concentrations  regulated  to  acti- 
vate serum  at  room  temperature  destroy  the  ferment  when  allowed  to 
act  on  serum  at  37°C.  for  30  minutes.  The  elimination  of  the  con- 
centrated reagents  from  serum  by  evaporation  or  dialysis  protects  the 
ferment  from  their  destructive  action. 

7.  A  certain  length  of  time  is  required  for  the  chemical  activators 
to  complete  their  action.  In  this  respect  chloroform  is  much  slower 
than  acetone. 

8.  The  chemical  activators  may  be  removed  from  the  activated 
serum  by  means  of  vacuum,  dialysis,  or  extraction  with  certain  in- 
different chemicals  without  causing  a  return  of  the  serum  to  its 
original  non-autolytic  state.  Once  activated  by  these  reagents,  the 
serum  remains  in  the  activated  state,  in  spite  of  the  removal  of  the 
activators. 

9.  The  ferment  is  highly  sensitive  to  the  reaction  of  the  medium, 
being  readily  inactivated  when  the  reaction  exceeds  a  certain  narrow 
limit  towards  acid  or  alkaline.  The  optimal  digestion  is  obtained  with 
a  faintly  alkaline  or  neutral  reaction. 

This  work  was  done  in  the  laboratory  of  Dr.  Hideyo  Noguchi, 
under  his  direction. 


THE   AUTODIGESTION   OF   NORMAL   SERUM   THROUGH 
THE  ACTION  OF  CERTAIN  CHEMICAL  AGENTS.     II. 

By  SHOTARO  YAMAKAWA,  M.D. 
{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  February  15,  1918.) 

It  has  been  shown  that  nonnal  serum  contains  a  characteristic 
protease  whose  activity  is  revealed  through  the  action  of  certain 
chemical  activators.'  The  seroprotease  shows  a  thermal  resistance 
similar  to  that  of  certain  proteolytic  enzymes,  but  is  peculiar  in  its 
ready  destruction  by  the  action  of  acetone  or  alcohol,  to  which  other 
ferments  manifest  a  high  degree  of  resistance. 

In  the  present  paper  we  have  considered  the  relation  which  this 
ferment  bea^s  to  the  various  fatty  and  lipoidal  substances  and  also 
the  existence  of  an  antiferment  in  serum  and  its  relation  to  the 
seroprotease.  The  material  and  method  of  study  have  been  described 
in  the  previous  paper.' 

Relation  of  Neutral  Fats,  Fatty  Acids,  and  Lipoids  to  the  Serum  Protease. 

Since  all  the  reagents,  the  activating  effects  of  which  have  been 
discussed  in  the  previous  paper,  belong  to  the  group  of  so  called  fat 
solvents,  it  is  not  out  of  place  to  consider  what  part  the  fat  or  lipoid 
bodies  may  play  in  the  autodigestion  of  serum  caused  by  these  re- 
agents. The  experiments  were  carried  out  partly  by  adding  exces- 
sive amounts  of  fats  or  hpoids  to  the  digesting  mixtures,  and  partly 
by  removing  the  nati\-e  fats  and  lipoids  from  the  serum  by  the  use  of 
fat  solvents. 

Several  preparations  of  neutral  fats  and  lipoid  bodies  were  dis- 
solved in  acetone  in  high  concentration,  with  the  exception  of  lecithin, 
which,  on  account  of  its  insolubihty  in  acetone,  was  dissolved  in 
methyl  alcohol.     Each  substance  was  added  to  2  cc.  of  the  dialyzed 

'Yamakavva,  S.,  The  autodigestion  of  normal  serum  through  the  action  of 
certain  chemical  agents.     I,  /.  Exp.  Med.,  1918,  xxvii,  6S9. 
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guinea  pig  serum  in  two  different  concentrations.  Some  of  the  solu- 
tions precipitated  particles  of  the  substance  when  mixed  with  the 
serum  and  formed  a  layer  near  the  surface.  After  standing  for  30 
minutes  at  room  temperature,  the  contents  of  each  test-tube  were 
transferred  into  a  dialyzing  thimble  and  incubated  at  37°C.  for  16 
hours  (Table  I). 

That  cholesterol,  lecithin,  and  the  neutral  fats  such  as  triolein  and 
tripalmitin,  even  when  they  are  added  in  excess  to  the  serum,  are 
indifferent  to  the  process  of  autodigestion  is  proved  by  these  experi- 
ments. The  weakness  of  digestion  in  cases  where  fatty  acids  are 
added  to  the  serum  may  be  explained  in  various  ways.  As  was 
stated  in  the  previous  paper,'  the  serum  ferment  is  extremely  sensi- 
tive to  an  acid  reaction  and  is  undoubtedly  influenced  by  the  fatty 
acids.  The  inhibiting  power  of  the  oleic  acid  was  found  to  be  much 
stronger  than  that  of  the  palmitic  acid  (Tests  13,  14,  17,  and  18), 
when  they  are  allowed  to  act  upon  the  serum  ferment  in  equal  con- 
centration. It  is  not  improbable  that  the  weakness  of  the  latter  is 
chiefly  due  to  its  inferior  solubility  in  a  medium  containing  much 
water  and  to  its  higher  melting  point. 

The  phenomenon  might  be  explained  in  another  way;  namely, 
by  a  specific  inhibiting  power  of  an  unsaturated  fatty  acid  such  as 
oleic  against  the  serum  ferment.  Jobling  and  Petersen-  found  that 
the  unsaturated  fatty  acidS  in  serum  act  as  antitrypsin,  and  that  they 
can  be  removed  by  extraction  with  ether  or  chloroform.  But  their 
results  with  trypsin  do  not  iind  an  analogy  with  the  serum  protease. 
As  has  been  said,  acetone  or  chloroform  can  impart  their  activating 
power  to  the  serum  ferment,  and  they  do  so  without  eliminating 
any  of  the  native  elements  from  it;  a  subsequent  removal  of  the 
reagents  from  the  activated  serum  does  not  restore  the  original  re- 
sistance to  autodigestion.  Moreover,  ether,  toluene,  benzene,  and 
petroleum  ether  do  not  act  as  activators  for  the  serum  protease. 
The  following  experiment  was  undertaken  in  order  to  determine  the 
effect  of  complete  removal  of  the  fats,  fatty  acids,  and  lipoids  from 
the  serum  upon  the  phenomenon  of  autodigestion. 

^Jobling,  J.  W.,  and  Petersen,  W.,  The  nature  of  serum  antitrypsin,  /.  Exp. 
Med.,  1914,  xi.x,  459. 
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TABLE    I. 

Effect  of  Fatty  Substances  on  the  Autodigestion  of  Serum. 


Test 

Acetone  solution  of  fats  added  to  2  cc.  of  dialyzec 

Buinea 

Ace- 
tone. 

Acid  reaction. 

No. 

pig  serum. 

In 
thimble. 

Of  dial- 
ysate. 

test. 

1 

2 

10  per  cent  oleic  acid. 

0.8 
0.08 

0 

0.72 

+ 

- 

<  + 
+  4 

3 

4 

10  per  cent  triolein. 

0.8 
0.08 

0 
0.72 

_ 

4+  + 
+  +  + 

5 
6 

0.3  per  cent  palmitic  acid. 

0.8 
0.08 

0 

.72 

<+ 
<+ 

- 

4  + 
444 

7 
8 

0.3  per  cent  tripalmitin. 

O.S 
0.08 

0 
0.72 

- 

- 

444 
444 

9 

10 

Cholesterol  saturated. 

0.8 
0.08 

0 
0.72 

- 

- 

444 
444 

11 

12 

Guinea  pig  serum  alone  (controls). 

0.8 
0 

444 

Test 

Chloro- 
form. 

Acid  reaction. 

Ninhydrin 

No. 

gumea  pig  serum. 

In 
thimble. 

Of  dial- 
ysate. 

test. 

13 
14 

10  per  cent  oleic  acid. 

1.0 
0.1 

0 
0.9 

4 
4 

- 

<4 
+  4 

15 
16 

10  per  cent  triolein. 

1.0 
0.1 

0 
0.9 

- 

- 

444 
444 

17 
18 

10  per  cent  palmitic  acid. 

1.0 
0.1 

0 
0.9 

4 
4 

- 

44 
4  + 

19 

20 

10  per  cent  tripalmitin. 

1.0 
0.1 

0 
0.9 

- 

- 

444 
444 

21 
22 

Guinea  pig  serum  alone  (controls). 

1.0 
0 

444 
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TABLE  1— Concluded. 


Test  No. 

Dialyzed 

guinea  pig 

1  per  cent 
ovo-Iecithin 
emulsion  in 
salt  solution. 

Salt 
solution. 

Methyl 
alcohol. 

Acid  reaction. 

In 
thimble. 

Of 

dialysate. 

test. 

23 
24 
25 
26 

2.0 
2.0 
2.0 
2.0 

10 

0,1 

1.0 

0 

0.9 

0 
1.0 

1.5 

1.5 
0 
1.5 

- 

+  +  + 
-I-  +  + 

10  cc.  of  guinea  pig  serum  were  completely  dried  in  the  desiccator  by  means 
of  vacuum.  The  residue  was  ground  into  powder,  placed  in  a  flask,  and  treated 
with  100  cc.  of  absolute  ether.  The  flask  was  kept  for  48  hours  in  the  refrig- 
erator, repeatedly  shaken  at  intervals,  and  the  solvent  three  times  renewed. 
At  the  expiration  of  this  period  the  ether  was  decanted,  the  precipitate  was 
washed  with  another  100  cc.  of  ether,  and  the  trace  of  the  solvent  was  removed 
in  vacuo.  The  dried  powder  was  then  dissolved  in  10  cc.  of  sterile  distilled  water 
and  dialyzed  in  salt  solution  to  remove  the  dialyzable  substances.  After  dialysis 
the  serum  was  diluted  to  20  cc.  with  salt  solution  and  used  for  the  tests  (Table 
II). 


A  utodigestion  of  the  Serum  Delipolyzed  with  Ether. 


Test  No. 

Extracted 
guinea  pig 

Further  treatment. 

Ninhydrin  test. 

1 

20 

No  further  treatment. 

_^ 

2 

2.0 

Acetone  0.8  cc.  added. 

-I-  +  + 

3 

2.0 

Shaken  with  1  cc.  of  chloroform. 

+  +  + 

4 

2.0 

Methyl  alcohol  1  cc.  added. 

4-  +  -I- 

5 

2.0 

Substrate  (chicken  liver)  added. 

+  +  + 

The  experiment  shows  that  the  extraction  of  fatty  substances  from 
the  dried  serum  with  ether  causes  no  change  with  regard  to  the 
phenomenon  of  autodigestion  of  the  serum. 

The  Inliibilory  Substance  in  Native  Serum  against  the  Serum  Protease. 

It  is  generally  known  that  human  or  animal  serum  has  an  inhibitory 
effect  upon  various  proteolytic  ferments,  such  as  pepsin,  trypsin, 
icukoprotease,  and  autolytic  ferment.     The  results  of  the  investiga- 
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tions  on  the  influence  of  serum  on  the  serum  protease  will  be  described 
here. 

The  investigation  divided  itself  into  two  parts:  (1)  the  digestion  of 
heterologous  substrate  by  the  guinea  pig  serum  ferment,  and  (2)  the 
autodigestion  of  serum  caused  by  the  chemical  reagents  already  men- 
tioned. In  the  latter  case  particular  care  was  taken  to  remove  the 
chemical  reagents  completely  from  the  treated  serum  before  the 
sample  of  native  serum  which  was  to  be  tested  for  its  inhibitory 
power  was  added,  because,  should  any  trace  of  the  activators  still 
be  present,  it  would  lead  to  an  activation  of  the  serum  thus  introduced. 
Acetone  was  used  throughout  the  experiment  because  of  the  ease 
with  which  it  can  be  completely  removed  from  the  serum  mixtures. 
The  dialyzed  serum,  acetonized  and  then  deacetonized,  will  be  desig- 
nated, for  the  sake  of  brevity,  as  "activated  serum." 

The  result  shown  in  Table  III  indicates  that  the  larger  the  amount 
of  the  dialyzed  guinea  pig  serum  added,  the  greater  is  the  digestion 
of  the  substrate.  On  the  other  hand,  the  addition  of  a  dialyzed 
horse  serum  caused  neither  increase  nor  decrease  of  digestion  by 
guinea  pig  serum  (Table  IV).     The  horse  serum  itself  was  inactive. 

The  result  of  the  autodigestion  test  with  activated  serum  distinctly 
shows  the  presence  of  an  inhibitory  substance  in  a  dialyzed  but 
otherwise  unmodified  serum  (Table  V).  The  contradictory  results 
in  both  cases  will  be  discussed  later. 

The  serum  antienzjTnes  directed  against  various  proteolytic  fer- 
ments disappear  from  the  serum  when  the  latter  is  heated  to  a  certain 
temperature.  The  two  following  experiments  were  undertaken  to 
determine  the  thermal  resistance  of  the  antiseroprotease. 

1  cc.  of  dialyzed  guinea  pig  serum  was  heated  in  the  water  bath  at  different 
temperatures  for  varying  periods  of  time.  The  heated  sera,  after  having  been 
cooled,  were  added  to  2  cc.  of  the  activated  serum  in  tubes,  allowed  to  stand 
at  room  temperature  for  30  minutes,  and  transferred  as  usual  into  thimbles  for 
incubation  and  dialysis  (Table  VI). 

According  to  this  experiment,  the  inhibitory  substance  in  un- 
modiiied  or  native  serum  withstands  heating  at  55°C.  for  30  minutes, 
whereas  it  is  destroyed  by  exposure  at  60°C.  for  the  same  period. 
The  thermal  resistance  of  the  antiseroprotease  coincides  with  that 
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TABLE   III. 
Digestion  of  a  Substrate  with  Guinea  Pig  Serum  in  Increasing  Quantities. 


Dialyzed  guinea  pig 
serum. 

Salt  solution. 

Digested  in  thimble  with 
chicken  liver. 
Ninhydrin  test. 

Digested  in  thimble 

without  substrate 

Ninhydrin  test. 

cc. 
2.0 
3.0 
4.0 

2.0 
1.0 
0 

+  +  + 
+  +  +  + 
+  ++  + 

<  + 

TABLE    IV. 

Effect  of  a  Eeterologous  Serum  on  the  Digestion  of  a  Substrate  by  Guinea  Pig  Serum. 


Dialyzed  guinea  pig 
serum. 

Dialyzed  horse 
serum. 

Salt  solution. 

Digested  in  thimble 

with  chicken  liver. 

Ninhj'drin  test. 

Digested  in  thimble 

without  substrate. 

Ninhydrin  test. 

2.0 

0 

2.0 

+  +  + 

± 

2.0 

1.0 

1.0 

+  +  + 

± 

2.0 

2.0 

0 

+  +  + 

=t 

0 

2.0 

2.0 

=^ 

— 

Inhibitory  Poiver  of  the  Homologous  Serum  against  the  Autodigcstion  of  an  Activated 
Guinea  Pig  Serum. 


Test  No. 

Activated  guinea 
pig  serum.* 

Homologous  guinea 
pig  serum.* 

Salt  solution. 

Digested  in  thimble. 
Ninhydrin  test. 

1 
2 
3 
4 
S 
6 

cc. 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

2.0 

10 

0  .S 

0.2.S 

0.1 

0.05 

0 
1.0 
1..S 
1.75 
1.9 
1.95 

<  + 

<  + 

<  + 
+  + 

+  -+  + 

+  4-  + 

7 
8 

2.0 
0 

0 
2.0 

2.0 
2.0 

+  +  + 

*  Both  sera  were  previously  dialyzed,  and  the  mi.xture  of  both  had  been  allowed 
to  stand  for  30  minutes  at  room  temperature  before  being  placed  in  the  incubator 
at  37°  C. 
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TABLE    VI. 

Inactivalion  of  the  Antiseroprotease  of  Guinea  Pig  Serum  by  Heating. 


Test  No. 

Activated 

guinea  pig 

serum. 

Guinea  pig  serum  1  cc.  exposed  to  various 
temperatures. 

Ninhydrin  test. 

1 

2.0 

Not  heated.     Clear. 

<  + 

2 

2.0 

30  min.  at    .S.S°C.     Clear. 

<  + 

3 

2.0 

30     "     "    60° "      Slightly  turbid. 

+  +  + 

4 

2.0 

30     "     "    65°"     Opalescent. 

+  +  -I- 

5 

2.0 

30    "     "    70°" 

+  +  + 

6 

2.0 

5     "     "  100°"      Coagulated. 

+  +  + 

7 

2.0 

Salt  solution  1  cc. 

+  4  + 

8 

Salt     solu- 
tion 2  cc. 

Not  heated.     Clear. 

^ 

TABLE   VII. 

Thermal  Resistance  of  the  Protease  and  Its  Antisubstance  in  Serum. 


Tests  for  protease. 

Tests  for  antisubstance. 

Heated  serum  alone. 

6 
Z 

1 

Native  guinea  pig 

serum  1  cc.  heated 

at  SS'C.  for. 

■s 

■a 

f 
< 

i 

1 

Z 

Z 

6 

Native  guinea  pig 

serum  2  cc.  heated 

at  55°  C.  for. 

11 

i 

z 

Z 
12 

Native  guinea  pig 

serum  2  cc.  heated 

at  55"  C.  for. 

1 

V 

e 

z 

1 

30 

0.8 

+  +-1- 

30 

2.0 

<+ 

min. 
30 

± 

2 

60 

0.8 

+ 

7 

60 

2.0 

44 

13 

60 

* 

3 

120 

0.8 

± 

8 

120 

2.0 

444 

14 

120 

± 

4 

240 

0.8 

— 

9 

240 

2.0 

444 

15 

240 

— 

5 

Guinea  pig  se- 
rum not  heat- 
ed, 2  cc. 

0.8 

+4  + 

10 
11 

Guinea  pig  se- 
rum not  heat- 
ed, 1  cc. 

Salt  solution  1  cc. 

2.0 
2.0 

<4 

444 

16 

Guinea  pig  se- 
rum not  heat- 
ed, 2  cc. 

of  the  serum  protease  itself.'    This  fact  was  proved  again  in  the 
next  experiment. 

The  unmodified  or  native  guinea  pig  serum,  1  cc,  was  exposed  to  a   tem- 
perature of  55°C.  for  various  periods  of  time.     Each  heated  scrum  was  mixed 
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with  acetone  or  activated  serum  respectively,  to  be  tested  for  its  proteolytic 
and  antiproteolytic  power.  After  standing  for  30  minutes  at  room  temperature 
the  mi.xtures  were  transferred  into  thimbles  and  placed  in  the  incubator 
(Table  VII). 

Exposed  to  a  temperature  of  55°C.,  both  the  ferment  and  the 
antisubstance  remain  unhnpaired  for  30  minutes,  but  their  activity 
gradually  diminishes  after  a  longer  time,  finally  disappearing  after  2 
hours.  A  dissociation  of  the  ferment  from  its  antisubstance  through 
heating  was  found  to  be  impossible. 

Effect  of  the  Adsorbing  Substances  on  the  Serum. 

Certain  inorganic  substances,  which  had  been  previously  sterilized 
by  heating,  were  put  into  the  dialyzed  guinea  pig  serum  in  a  propor- 
tion of  5  gm.  to  10  cc.     The  mixtures  were  allowed  to  stand  at  room 

TABLE   VIII. 
Digesting  Power  of  the  Serum  Treated  with  Adsorbents. 


Test  No. 

Kind  and  amount  of  guinea  pig  serum. 

Further  treatment. 

Ninhy- 
drin 
test. 

1 

Serum  treated  with  kaolin  2  cc. 

No  further  treatment. 

— 

2 

.■\cetone  0.8  cc.  added. 

— 

3 

Substrate  added. 

- 

4 

Serum  treated  with  charcoal  2  cc. 

No  further  treatment. 

5 

Acetone  0.8  cc.  added. 

± 

6 

Substrate  added. 

- 

7 

Serum  treated  with  talc  2  cc. 

No  further  treatment. 

8 

Acetone  0.8  cc.  added. 

=t 

9 

Substrate  added. 

- 

10 

Serum  treated  with  silicious  marl  2  cc. 

No  further  treatment. 

— 

11 

.A.cetone  0.8  cc.  added. 

± 

12 

, 

Substrate  added. 

- 

13 

Serum  treated  with  barium  sulfate  2  cc. 

No  further  treatment. 

— 

14 

Acetone  0.8  cc.  added. 

± 

15 

Substrate  added. 

- 

16 

Untreated  serum  2  cc.  (controls). 

No  further  treatment. 

± 

17 

Acetone  0.8  cc.  added. 

+  +  + 

18 

Substrate  added. 

+  +  + 
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temperature  for  an  hour,  with  repeated  shakings,  and  then  centri- 
fuged.  The  clear  supernatant  fluids  were  used  for  the  experiment 
(Table  VIII). 

As  may  be  seen  from  Tables  VIII  and  IX,  the  proteolytic  fennent 
can  be  easily  removed  from  serum  by  adsorbents,  but  the  antisub- 
stance,  on  the  other  hand,  still  remains  in  the  treated  serum. 


TABLE   IX. 

Antienzymic  Action  of  the  Serum  Treated  with  Adsorbents. 


Test  No. 

Kind  and  amount  of  guinea  pig  serum. 

Activated 
added. 

Acetone 
added. 

Ninhydrin 
test. 

1 

Guinea  pig  serum  treated  witli  kaolin. 

2.0 

0 

0 

2 

2.0 

0 

0.8 

— 

3 

1.0 

2.0 

0 

<  + 

4 

Guinea  pig  serum  treated  with  talc. 

2.0 

0 

0 

- 

5 

2.0 

0 

0.8 

=t 

6 

1.0 

2.0 

0 

<  + 

7 

Salt  solution. 

1.0 

2.0 

0 

+  +  + 

8 

Guinea  pig  serum. 

1.0 

2.0 

0 

<  + 

Occurrence  of  the  Proteolytic  Ferment  and  Its  Antisuhstance  in  the  Sera 
of  Dif event  Animals. 

It  would  surely  have  been  an  advantage  if  we  could  have  found 
larger  animals  which  would  furnish  us  with  a  serum  as  rich  in  the 


TABLE   X. 
The  Proteolytic  Ferment  and  Its  Antisuhstance  in  the  Sera  of  Different  Animals. 


Kind  of  serum. 

No.  of  tested 
specimens. 

Dialyzed  serum 
alone  2  cc. 

Dialyzed  serum 

2  cc.  +  acetone 

0.8  cc. 

Dialyzed  serum 

1  cc.  +  acti- 
vated guinea  pig 
serum  2  cc. 

2 
5 
2 
8 

+ 

<  + 

<  + 

<  + 

<  + 

<  + 
+  -f  + 

<  + 

Dog             "        

<  + 

Cat           " 

<  + 

Rabbit      "      

<  + 

2 
Over  100               ± 

<  + 

<  + 
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serum  protease  as  that  of  the  guinea  pig.  The  results  of  examina- 
tions of  various  animal  sera,  however,  showed  that  the  guinea  pig  is 
the  only  animal  whose  serum  is  exceedingly  rich  in  the  proteolytic 
ferment.  On  the  other  hand,  the  sera  of  other  animals,  while  poor 
in  their  content  of  protease,  contain  a  considerable  amount  of  the 
antisubstance  capable  of  counteracting  the  action  of  the  autolytic 
ferment  of  guinea  pig  serum. ,  The  result  of  the  digestion  tests  with 
the  sera  of  different  animals  is  shown  in  Table  X. 


Mode  of  Digestive  Action  of  the  Serum  Ferment. 

It  has  been  stated  in  a  previous  paragraph  that  the  proteolytic 
ferment  of  serum,  when  it  is  incubated  with  substrate,  can  produce 
the  dialyzable  substances  despite  the  presence  of  native  serum,  while 
in  the  autodigestion  of  activated  serum,  the  ferment  action  is  in- 
hibited by  the  addition  of  native  serum.  There  seems  to  be  a  cer- 
tain difference  in  the  mode  of  action  in  the  two  instances. 

The  explanation  of  the  autodigestion  of  the  activated  serum  may 
probably  be  sought  in  the  destruction  or  paralysis  of  the  antienzjonic 
substance  through  the  treatment.  Reagents  such  as  certain  ketones 
and  alcohols,  when  their  optimal  concentration  for  activation  is 
reached,  may  destroy  the  antienz>Tne,  but  not  the  enzyme,  thus  ena- 
bling the  latter  to  exert  its  full  activity  upon  the  serum  proteins.  The 
concentration  of  reagent  which  dissociates  the  ferment  from  its  anti- 
substance  lies  between  narrow  limits,  and  when  it  exceeds  the  upper 
limit,  the  ferment  itself  is  also  destroyed. 

In  autodigestion  the  protein  in  the  treated  serum  must  serve  as 
substrate,  because  there  is  nothing  else  present  to  be  hydrolyzed. 
But  what  is  the  origin,  then,  of  the  dialyzable  substance  produced  when 
the  serum  is  incubated  with  various  tissue  substrates?  There  are 
two  possibilities  for  the  source  of  the  protein  derivatives:  first,  the 
substrates  may  be  directly  digested  by  the  serum  ferment;  second,  it 
may  be  assumed  that  the  homologous  tissues  are  not  really  digested, 
but  that  they  act  only  as  an  adsorbing  agent  which  removes  the 
antienzyme  and  leaves  the  freed  autolytic  ferment  to  digest  its  own 
serum   protein.     The    latter   explanation   was   advanced   by  Bron- 
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fenbrenner^  in  the  Abderhalden  reaction,  in  which  pregnant  human 
serum,  when  incubated  with  placenta  tissue,  gives  a  positive  ninhy- 
drin  test.  He  states  that  pregnant  serum  is  able  to  show  auto- 
digestion  in  the  incubator  when  allowed  to  remain  in  contact  with 

TABLE   XI. 

Antienzymic  Action  of  Normal  Serum  after  Treatment  with  Substrate  at  0.5°C. 


Test 
No. 

Dialyzed  guinea 
pig  serum. 

Further  treatment. 

Digested 

thimble. 

Ninhy- 
drin 
test. 

1 

2.0 

Substrate  add- 
ed.     Tubes 
left   at   0.5° 
C.  for  16  hrs. 

Centrifuged.        Sub- 
strate       removed. 
Supernatant     fJuid 
alone       used       for 
tests. 

* 

2 

2.0 

Boiled. 

- 

3 

2.0 

Acetone  0.8  cc. 

+  +  + 

4 

1.0 

-Activated  guin- 
ea pig  serum 
2cc. 

<  + 

5 

2.0 

Substrate  in  situ. 

+  +  + 

Control  tests. 

6 

2.0 

Without  any  treatment. 

- 

7 

2.0 

Acetone  0.8  cc.  added. 

+  +  + 

8 

2.0 

Substrate  added. 

+  +  -f 

9 

1.0 

Activated  guinea  pig  serum  2  cc.  added. 

<  + 

10 

Salt     solu- 
tion 1  cc. 

.Activated  guinea  pig  serum  2  cc.  added. 

+  1  + 

placenta  tissue  for  16  hours  on  ice  and  then  separated  from  the 
substrate.  He  ascribes  the  phenomenon  to  adsorption  of  the  anti- 
enzymic substance  by  the  substrate  impregnated  with  a  specific 
antibody  contained  in  the  serum  of  a  pregnant  subject. 

The  next  experiment  was  undertaken  to  determine  whether  this 

<  Bronfenbrenner,  J.,  On  the  present  status  of  the  Abderhalden  reaction,  /. 
Lab.  and  Clin.  Med.,  1915-16,  i,  79. 
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mode  of  interpretation  was  applicable  in  our  case,  in  which  a  heter- 
ologous, non-specific  substrate  is  treated  with  normal  serum  (Table 
XI). 

Tests  1  and  4  show  that  normal  guinea  pig  serum,  when  it  is 
kept  on  ice  with  substrate,  is  neither  activated  nor  deprived  of  its  anti- 
enzymic  substance.  In  other  words,  the  normal  serum  is  indifferent 
to  the  treatment,  contrary  to  the  result  which  Bronfenbrenner  reported 
to  have  obtained  with  human  pregnant  serum  and  placenta  tissue. 
But  this  result  does  not  exclude  the  possibility  of  the  adsorption  of 
the  antisubstance  by  ordinary  substrates  in  the  incubator  at  a  tem- 
perature of  37°C. 

To  determine  the  fate  of  the  antienzymic  substance  in  serum, 
after  digestion,  the  serum  was  treated  according  to  four  methods,  as 
follows: 

Serum  A. — 8  cc.  of  the  dialyzed  guinea  pig  serum  were  kept  in  the  incubator 
with  substrate  in  four  thimbles  for  16  hours,  2  cc.  being  placed  in  each  thim- 
ble. At  the  expiration  of  this  time,  when  the  dialysate  showed  a  ninhydrin 
reaction  of  +  +  +  ,  the  serum  in  the  thimbles  was  separated  from  the  sub- 
strate layer  and  every  trace  of  the  latter  removed  by  means  of  centrifugation. 
The  serum  was  then  dialyzed  in  a  celloidin  sac  against  salt  solution  to  elimi- 
nate the  split  products  of  protein  contained  in  it. 

Seruni  B. — 8  cc.  of  the  activated  guinea  pig  serum  were  kept  in  thimbles  in 
the  incubator  for  16  hours.  The  ninhydrin  test  of  the  dialysate  showed  a  reaction 
of  -I--1--I-.  The  sera  in  the  thimbles  were  reunited  and  dialyzed  as  mentioned 
above. 

Serum  C  {Control  i).— The  dialyzed  guinea  pig  scrum,  8  *cc.,  without  any 
substrate  and  without  being  activated,  was  treated  in  the  same  way  as  the 
other  two  sets  of  serum;  i.e.,  incubated  in  thimbles  and  afterwards  dialyzed. 

Serum  D  {Control  2). — The  dialyzed  guinea  pig  serum  without  any  preliminary 
treatment. 

These  sera  were  further  treated  as  shown  in  Table  XII  and  digested  in  thimbles 
at  37°C.  for  16  hours.    The  dialysates  were  tested  as  usual. 

The  result  of  this  experiment  indicates  that  the  serum,  the  pro- 
teolytic power  of  which  has  already  been  exhausted  by  treatment 
with  substrate,  still  contains  its  antienzymic  substance  (Serum  A, 
Test  4),  while  the  latter  is  no  longer  found  in  the  activated  serum 
after  digestion  (Serum  B,  Test  4).  There  is  no  doubt  that  in  the 
former  case  the  digestion  can  take  place  in  spite  of  the  presence  of 
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the  antienzymic  substance.  We  have  no  more  reason  in  this  in- 
stance to  assume  the  occurrence  of  an  indirect  digestion  of  serum 
protein,  due  to  the  absorption  of  the  antienzjTnic  substance  through 
the  substrate,  because  the  substrate  does  not  absorb  the  antienzyme 
under  the  experimental  conditions  here  recorded.  It  seems  justifi- 
able, therefore,  to  conclude  that  the  serum  ferment  directly  digests 
the  protein  of  the  heterologous  substrate,  while  in  the  case  of  the 
activated  serum,  the  ferment  splits  its  own  serum  protein  after  the 
antienz\Tnic  substance  has  been  removed  by  the  treatment  with 
ketones  or  alcohols. 

TABLE    XII. 

Fate  of  the  Antienzyme  Substance  in  Serum  after  Digestion. 


Test 
No. 

Amount 

of 
serum-* 

Further  treatment. 

Serum 
A 

Serum 
B 

Serum 

c 

Serum 
D 

1 

2.0 

No  further  treatment. 

^ 

2 

2.0 

Acetone  0.8  cc. 

— 

± 

+  + 

-t--F-l- 

3 

2.0 

Substrate. 

— 

+ 

+  + 

+  -<r-\- 

4 

1.0 

.\ctivated  guinea  pig  serum  2  cc. 

<-|- 

+  +  + 

<-f 

<-l- 

5 

1.0 

Dialyzed  guinea  pig  serum   2   cc.  -1-  sub- 
strate. 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

*  The  volume  of  the  serum  was  increased  after  secondary  dialysis  by  about 
one-fourth. 

SUMMARY   AND    CONCLUSIONS. 

1.  The  neutral  fats,  fatty  acids,  and  lipoid  bodies  of  serum  seem 
to  play  no  part  in  autodigestion.  Neither  the  addition  of  fats  or 
lipoids  in  excess  to  the  serum,  nor  their  removal  by  extraction  with 
ether  influences  the  phenomenon  of  autodigestion. 

2.  There  is  present  in  native  serum  an  antienzymic  substance 
which  is  closely  related  to  the  autolytic  ferment  of  serum. 

3.  The  antiseroprotease  of  norma!  serum  has  almost  the  same 
thermal  resistance  as  the  seroprotease;  that  is,  it  survives  heating  at 
55°C.  for  30  minutes  but  is  completely  inactivated  at  60°C.  for  the 
same  length  of  time. 

4.  The  ferment  can  be  removed  from  the  serum  by  means  of  in- 
organic adsorbents,  but  the  antienzymic  substance  remains  in  the 
treated  serum. 
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5.  The  autolytic  power  of  the  sera  of  man  and  other  animals  is 
much  weaker  than  that  of  guinea  pig  serum,  but  they  contain  as 
much  as  does  the  latter  of  the  antisubstance  which  inhibits  the 
digestion  of  the  activated  guinea  pig  serum. 

6.  The  autodigestion  of  the  activated  serum  is  due  to  the  splitting 
of  the  serum  protein  by  the  proteolytic  ferment  of  the  same  serum 
and  is  brought  about  by  the  destruction  of  the  antienzjTnic  sub- 
stance by  the  chemical  reagents.  On  the  other  hand,  the  digestion 
products  in  a  mixture  of  a  foreign  substrate  and  guinea  pig  serum 
are  derived  from  the  direct  digestion  of  the  substrate  by  the  serum 
ferment.  This  digestion  takes  place  in  spite  of  the  presence  of  the 
antiseroprotease.  The  serum  separated  from  the  substrate  can  no 
longer  produce  a  split  product,  but  is  as  actively  antienzjTnic  as  the 
original  serum  and  undergoes  autodigestion  only  when  treated  with 
acetone  or  other  chemical  activators. 

■   This  work  was  done  in  the  laboratory  of  Dr.  Hideyo  Noguchi, 
under  his  direction. 


ANTIBODY  PRODUCTION  AFTER  PARTIAL  ADRENAL- 
ECTOMY IN  GUINEA  PIGS. 

By  FREDERICK  L.  GATES,  M.D. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  April  10,  1918.) 

Aside  from  the  well  established  action  of  products  of  adrenal  secre- 
tion upon  sympathetic  nerve  endings  and  their  consequent  effect  upon 
striated  and  smooth  musculature,  there  has  been  assigned  to  the 
adrenal  glands  a  detoxifying  action  upon  endogenous  and  exogenous 
poisons  which  would  class  them  among  the  specific  defensive  mechan- 
isms of  the  body.  Studies  of  this  action  have  been  limited  largely  to 
observations  and  experiments  to  show  the  effects  of  acute  and  chronic 
intoxications  upon  the  adrenal  glands,  the  symptomatology  of  adrenal 
hyperplasia  or  degeneration,  the  effect  of  partial  or  complete  extirpa- 
tion upon  the  toxicity  of  various  substances,  or  the  neutralization  of 
toxins  by  adrenal  extracts  in  the  test-tube  or  the  living  animal.  The 
literature  is  confused  and  contradictory,  and  much  of  the  evidence 
brought  forward  is  speculative  and  indirect,  due  in  part  to  the  use 
of  the  death  or  survival  of  the  animal  as  sole  indicator,  and  the 
consequent  introduction  of  many  unknown  factors  into  the  experi- 
mental equation,  without  critical  analysis  of  the  mechanism  involved. 

Only  a  few  experiments  have  come  to  light  which  bear  directly  upon  a  possible 
relation  between  the  adrenal  glands  and  the  recognized  immunity  factors  of  the 
defensive  mechanism,  and  these  reported  findings  are  almost  entirely  of  a  negative 
significance.  Thus  Josue  and  Paillard'  found  that  injections  of  adrenalin  or  of 
adrenal  extracts  into  rabbits  had  no  effect  on  the  opsonic  properties  of  the  blood. 
Hektoen  and  Curtis-  report  that  "Adrenalectomy  in  normal  dogs,  and  in  dogs  at 
the  height  of  the  antibody  curve  after  the  injection  of  rat  blood,  did  not  cause 
any  fall  in  the  antibody  content  of  the  blood  serum,  as  determined  by  hourly 

'  Josue,  0.,  and  Paillard,  H.,  Influence  de  I'adrenalin  sur  le  pouvoir  opsonique 
(Premiere  note),  Compt.  rend.  Soc.  biol.,  1910,  Ixviii,  657. 

2  Hektoen,  L.,  and  Curtis,  A.  R.,  The  effect  on  antibody  production  of  the 
removal  of  various  organs,  /.  Infect.  Dis.,  1915,  xvii,  409. 
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observations  after  the  operation  and  until  death."  Gay  and  Rusk'  in  present- 
ing studies  on  antibody  formation,  in  whicli  the  literature  is  reviewed,  make  no 
mention  of  the  adrenals  as  possible  sources  of  immune  substances,  and  all  the 
positive  evidence  reported  in  regard  to  the  origin  of  immune  bodies  points  to 
other  organs,  notably  the  lymph  glands,  bone  marrow,  and  spleen,  as  the  tissues 
probably  concerned.  A  solitary  communication  by  Cattoretti''  states  that  the 
addition  of  pancreas  extract  to  the  blood  of  adrenalectomized  rats  gave  a  marked 
lowering  of  the  surface  tension  (miostagmin  reaction)  compared  with  the  normal 
lowering  produced  by  the  extract. 

There  is  no  confirmed  evidence  that  the  adrenal  glands  play  an  ac- 
tive part  in  antibody  formation,  or  in  the  known  immunity  reactions 
of  defense  against  bacterial  invasion.  On  the  other  hand,  the  few 
experiments  which  have  been  made  to  study  such  a  relation  have 
given  negative  results. 

As  a  part  of  a  more  general  investigation  of  the  possible  relation  of 
glands  of  internal  secretion  to  immunity  processes  we  have  made  ex- 
periments on  the  effect  of  partial  adrenalectomy  upon  antibody  for- 
mation in  guinea  pigs.  For  this  purpose  the  animals  were  subjected 
to  operation  before  or  after  unmunization  with  a  typhoid  vaccine  or 
with  washed  red  blood  corpuscles  of  the  hen,  and  their  typhoid  agglu- 
tinins or  hemolysins  and  hemagglutinins  titered  at  intervals  during 
the  course  of  antibody  production. 

Healthy  adult  guinea  pigs,  usually  males,  weighing  from  300  to 
400  gm.,  served  as  the  experimental  animal.  For  the  purposes  of  the 
experiments  it  was  necessary  that  the  animals  should  survive  during 
the  interval  required  for  subsequent  active  immunization  or  for  the 
change  in  antibodies  already  in  circulation,  in  the  event  that  adrenal- 
ectomy modified  the  response.  Consequently,  complete  removal  of 
the  glands  was  interdicted,  since  guinea  pigs  are  practically  without 
accessory  adrenal  tissue  and  almost  invariably  die  within  a  few 
hours  of  a  total  extirpation.^ 

Operations  for  the  partial  removal  of  the  adrenals  were  performed 

^  Gay,  F.  P.,  and  Rusk,  G.  Y.,  Studies  on  the  locus  of  antibody  formation, 
Tr.  XVlh  Internat.  Cong.  Ilyg.  and  Demog.,  Washington  {1912),  1913,  ii,  328. 

*  Cattoretti,  F.,  Ueber  die  Meiostagminreaktion  bei  den  wcissen  Ratten  nach 
Extirpation  der  beiden  Ncbcnnieren,  Wicn.  kiln.  Woch.,  1911,  xxiv,  637. 

^  Lucicn,  M.,  and  Parisot,  J.-V.-J.,  Glandes  surrenales  et  organes  chromafiines, 
Paris.  1913,  108. 
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with  careful  aseptic  technique,  and  the  endeavor  to  reduce  shock  to 
the  minimum  by  prompt  hemostasis,  the  use  of  a  warm  pad  during 
and  after  operation,  machine-controlled  anesthesia  with  constant 
ether  concentration,  and  saline  injections  when  indicated.  We 
deemed  it  essential  carefully  to  avoid  comphcations  due  to  infection 
or  to  injury  to  other  organs  m  the  course  of  the  operation. 

Operation. — Oblique  incisions  on  both  sides,  separating  the  last  two  ribs,  and 
extending  to  the  edge  of  the  sacrospinal  muscles  gave  a  clear  exposure  of  the 
glands  with  the  least  disturbance  of  the  abdominal  contents.  The  adrenals  were 
dissected  free  to  the  hilum,  caught  in  a  delicate  curved  mosquito  clamp  at  the  . 
base  or  through  their  substance,  and  cut  free  distal  to  the  clamp.  Only  slight 
bleeding  resulted  if  the  clamp  was  left  in  place  a  short  time.  The  glands  or  por- 
tions of  glands  removed  were  weighed  to  estimate  the  amount  taken  and  sectioned 
for  comparison  post  mortem  with  the  segment  left  in  place. 

It  was  soon  found  that  the  guinea  pig  could  stand  the  loss  of  the 
whole  of  one  gland  and-  from  one-half  to  three-fourths  of  the  other. 
If  too  much  tissue  was  taken  the  animal  died  in  from  a  few  hours  to 
several  days,  after  showing  characteristic  symptoms.  A  marked  fall 
in  temperature  (to  28°C.  in  one  instance),  extreme  prostration,  gasp- 
ing respiration,  intermittent  clonic  convulsions,  and,  in  males,  the 
extrusion  of  semen  immediately  preceded  death.  These  findings 
are  in  accord  with  former  reports. 

On  the  other  hand,  surviving  guinea  pigs  recovered  quickly  from 
the  operation  and  remained  well  for  months,  sometimes  losing  at 
first  50  to  100  gm.  in  weight,  which  was  often  recovered  later.  Some 
of  the  animals  died  during  the  course  of  the  experiments,  however, 
from  hemopericardium  after  cardiac  puncture  or  from  an  intercur- 
rent lung  epizootic  prevalent  among  the  stock. 

Technique  of  the  Serum  Reactions. — The  strain  of  B.  typhosus  chosen  was  a 
stock  culture  known  as  "Sen,"  recovered  by  Dr.  Bull  from  an  ampule  of  Bes- 
redka's  sensitized  vaccine.  It  had  been  on  artificial  media  for  several  years  and 
combined  ready  agglutinability  with  a  high  toxicity  for  guinea  pigs,  often  killing 
them  in  the  usual  immunizing  doses.  For  this  reason  and  to  obtain  exact  dosage, 
a  vaccine  was  prepared  by  suspending  24  hour  growths  from  Blake  bottles  in 
saline  solution,  kiUing  the  bacilli  with  chloroform,  disrupting  them  by  repeated 
freezing  and  thawing,  dehydrating  in  vacuo  over  sulfuric  acid,  and  powdering  in 
a  mortar.  Weighed  quantities  were  resuspended  in  normal  saline  solution,  ex- 
tracted by  shaking  for  several  hours,  and  measured  doses  corresponding  to  0.5 
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to  2  mg.  of  the  powder  were  injected  intraperitoneally  at  3  to  4  day  intervals  for 
three  doses.  Initial  agglutinin  titers  ranged  from  1:  640  to  1:  5,120  on  the  7th 
to  10th  day  after  the  final  injection.  Ten  of  twenty-four  guinea  pigs  gave  an 
initial  titer  of  1:  1,280.  In  order  to  simplify  the  e.xperiments  only  the  typhoid 
agglutinins  were  followed.  Casual  tests  showed  that  this  method  of  immuniza- 
tion, while  simple  and  rapid,  did  not  produce  precipitins  or  complement-fi.xing 
bodies  in  concentrations  suitable  for  investigation. 

Other  guinea  pigs  were  immunized  with  red  blood  corpuscles  of  barred  Plymouth 
Rock  chickens.  Following  Coca's'^  schedule  three  intraperitoneal  doses  of  0.5 
to  1.5  cc.  of  washed  corpuscles,  made  up  to  the  original  blood  volume,  were  in- 
jected at  4  day  intervals  and  the  guinea  pigs  were  first  bled  a  week  later.  The 
fir.'-t  hemagglutinin  titers  ranged  from  1 :  160  to  1 :  1,280,  hemolysins  appearing  in 
dilutions  five  times  as  great,  taking  into  account  the  dilutions  involved  in  the 
hemolytic  system.  For  the  agglutination  tests  one  drop  of  a  suspension  of  B. 
typhosus,  Sen,  or  of  washed  hen  corpuscles  (10  per  cent  of  the  original  blood 
volume),  was  added  to  a  1  cc.  volume  of  successive  dilutions  of  the  fresh, 
inactivated  guinea  pig  serum.  The  tubes  were  read  first  after  2  hours  at  37°C. 
and  2  hours  at  room  temperature.  A  confirmatory  reading  was  taken  after  the 
tubes  had  stood  in  the  ice  box  over  night.  To  test  hemolysins,  0.25  cc.  volumes 
of  inactivated  experimental  serum,  fresh  guinea  pig  complement  1 :  10,  and  5 
per  cent  hen  corpuscle  suspension  were  made  up  with  0.5  cc.  of  sahne  solution, 
following  the  usual  technique  of  the  Wassermann  reaction.  These  tubes  were 
incubated  IJ  hours,  being  shaken  at  the  half  hour  and  hour,  and  read  imme- 
diately, and  after  standing  in  the  ice  box  over  night.  All  the  tests  were  per- 
formed with  the  usual  controls. 

With  these  methods  several  series  of  experiments  were  per- 
fonned.  Usually  three  guinea  pigs  formed  the  experimental  unit. 
In  some  instances  two  were  partially  adrenalectomized,  the  other 
serving  as  a  normal  control.  In  other  cases  two  animals  served  as 
controls,  one  normal,  the  other  after  an  operation  similar  to  double 
adrenalectomy  except  for  the  removal  of  the  glands.  The  control 
operated  animals  showed  that  the  operation  itself  had  no  influence 
on  antibod}'  formation. 

Scries  I. 

In  some  of  the  experiments  in  this  series  the  guinea  pigs  were  first 
immunized  with  BaciUiis  typhosus  vaccine  and  their  agglutinin  titers 
recorded  on  the  7th  day  after  the  third  injection.     Within  a  few  days 

'  Coca,  A.  F.,  A  rapid  and  efficient  method  of  producing  hemolytic  amboceptor 
against  sheep  corpuscles,  J.  Infect.  Dis.,  1915,  xvii,  361. 
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(8  to  11  days  after  immunization)  the  adrenalectomies  or  control  op- 
erations were  performed  and  the  agglutinin  titers  followed  in  2  cc. 
samples  of  blood  obtained  by  cardiac  puncture  at  intervals  during  the 
succeeding  weeks  and  months.  In  other  experiments  the  operations 
preceded  immunization,  which  was  begun  from  1  to  52  days  later. 
In  a  few  instances  one  gland  or  a  part  of  a  gland  was  removed,  the 


Differences  in  Agglutinin  Tiler  of  Various  Sera  on  Reexamination  after  an  Interval 
of  Time. 


Animal 
No. 

Condition. 

Serum  of. 

Interval 
between 
tests. 

First  titer. 

Second  titer. 

22 

Double   adrenalectomy   almost 
complete. 

Dec.  27,  1916 
Jan.     4,  1917 

days 

35 
26 

1:30 
1:320 

1:640 
1:1,280 

Right  adrenal  removed. 

Dec.  27,  1916 
Jan.     4,  1917 

35 
26 

1:160 
1:320 

1:640 
1:320 

23 

Three-fourths    of    left    adrenal 
removed. 

Jan.   16,  1917 

"     20,  1917 

Mar.    5,  1917 

15 
7 

7 

1:320 
1:320 
1:160 

1:640 
1:320 
1:320 

Normal. 

Dec.  27,  1916 
Jan.     4,  1917 

35 
26 

1:1,280 
1:1,280 

1:2,560 
1:2,560 

24 

Control  operation. 

Jan.    16,  1917 

"     20,  1917 

Mar.    5,  1917 

15 

7 
7 

1:1,280 

1:640 

1:160 

1:1,280 
1:1,280 
1:320 

2 

Double  adrenalectomy. 

Mar.    5,  1917 
"     12,  1917 

7 
14 

1:160 
1:640 

1:640 
1:640 

39 

Normal. 

Mar.    5,  1917 

7 

1:160 

1:160 

guinea  pig  inmiunized,  and  the  second  gland  or  part  of  it  taken  at  a 
later  date.  These  two  sets  of  experiments,  in  which  the  effect  of 
partial  adrenalectomy  was  studied  in  animals  previously  or  subse- 
quently immunized  to  Bacillus  typhosus,  form  a  group  in  which  all 
the  control  animals  may  serve  as  a  basis  for  comparison  with  those  on 
which  the  extirpation  of  adrenal  tissue  was  performed.  The  agglu- 
tinin curves  of  the  control  animals  showed  considerable  variations 
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due  to  indi\'idual  reaction,  so  that  a  plot  of  all  the  normal  curves 
gives  a  confusion  of  lines  within  rather  wide  limits  on  the  chart. 
Obviously  comparison  of  the  antibody  curve  of  an  adrenalectomized 
animal  with  its  cwn  control  alone  might  indicate  differences  in  reac- 
tion not  due  essentially  to  the  loss  of  adrenal  tissue.  Therefore  it 
seems  best  simply  to  outhne  an  area  which  covers  all  the  variations  in 
reaction  found  in  normal  guinea  pigs.  Against  this  normal  area  the 
separate  curves  of  agglutinin  formation  in  the  experimental  animals 
may  be  charted.  Following  this  method  Text-fig.  1  shows  the  curves 
of  seven  guinea  pigs  which  were  adrenalectomized  subsequent  to 
immunization.  It  will  be  seen  that  the  titers  of  all  but  three  of  them 
fall  practically  within  the  limits  of  normal  variation.  The  findings 
in  the  exceptional  cases  require  special  comment. 

Immediately  after  operation  the  agglutinin  titers  of  the  sera  of  these  animals 
appeared  to  drop  sharply  almost  to  zero,  with  as  sharp  a  rise  later  in  the  two 
guinea  pigs  which  survived.  No  similar  drop  was  apparent  in  the  titer  of  the 
control.  These  readings  were  made  on  the  fresh  inactivated  sera  the  same  day 
they  were  taken.  When  observations  on  other  animals  failed  to  confirm  this 
finding,  these  sera,  which  had  been  kept  in  the  dark  at  ice  box  temperature  for 
about  a  month,  were  reexamined,  and  now  gave  titers  more  nearly  correspond- 
ing to  those  of  the  later  experiments.  The  differences  in  titer  are  shown  in 
Table  I,  with  the  record  of  subsequent  analyses  in  which  sera  were  studied  while 
fresh,  and  again  after  standing  several  days.  In  a  number  of  instances  it  wiU 
be  seen  that  they  agglutinated  the  Sen  strain  in  higher  dilutions  on  reexamination. 
Since  this  observation  was  made  on  normal  as  well  as  adrenalectomized  guinea 
pigs  the  difference  must  be  sought  in  some  other  factor,  which  would  account  for 
the  apparent  inhibition  in  fresh  sera.  Moreover,  this  initial  inhibition  does  not 
appear  with  regularity.  For  uniformity  it  is  necessary  to  use  the  agglutination 
titers  from  the  fresh  sera  in  drawing  conclusions  from  the  experiments,  but  it  is 
apparent  that  disturbing  factors  are  latent  in  the  results. 

With  the  exceptions  noted  above,  these  experiments  indicate  that 
adrenalectomy  subsequent  to  immunization  has  no  significant  effect 
upon  the  curve  of  typhoid  agglutinin  formation  in  guinea  pigs. 
Similar  results  were  found  in  the  experiments  charted  in  Text-fig.  2, 
in  which,  against  the  normal  background  are  seen  the  agglutination 
curves  of  seven  guinea  pigs  which  were  immunized  subsequent  to 
adrenalectomy.  Their  reactions  to  immunization  fall  substantially 
within  normal  limits. 
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Partial  adrenalectomy,  with  removal  of  a  single  gland,  or  of  one 
gand  and  as  much  of  the  other  as  can  be  taken  with  impunity,  ap- 
pears to  have  no  influence  upon  the  formation  of  typhoid  agglutinins 
in  guinea  pigs. 

Series  II. 

Cole'  has  described  a  late  effect  of  immunization  which  persists 
after  demonstrable  immune  bodies  have  disappeared  from  the  blood. 


TABLE   II. 
Rise  in  Agglutiiiiji  Titers  of  Adre)ialcctomizcd  and  Control  Guinea  Pigs  on  Rein- 


jeclion  of  Typhoid  Vaccine. 

Animal 
No. 

Previous  history. 

Serum 

agglutinin 

titer  on  Mar. 

5,  1917. 

Serum 

agglutinin 

titer  on  Mar. 

12,  1917. 

Serum 

agglutinin 

titer  on  Apr. 

24,  1917. 

23 

Adrenalectomized; 

1:160 

1:320 

1:80 

immunized  84  days 

before. 

24 

Operated  control;  im- 
munized   84    days 
before. 

1:160 

Mar.    5,    1917.      In- 
jected      intraperi- 
toneally   0.05    mg. 

1:640 

1:160 

2 

Iirmiunized    53    days 
before;   then  adre- 
nalectomized. 

1:80 

of  typhoid  vaccine. 

1:640 

1:320 

39 

Normal;     immunized 
53  days  before. 

1:160 

1:320 

1:160 

60 

Normal. 

0 

1:20 

1:20 

61 

" 

0 

0 

1:10 

Reinjection  of  previously  immunized  animals  with  a  minute  dose  of 
the  original  antigen,  an  amount  which  has  no  effect  upon  normal 
animals,  causes  a  sharp  rise  in  the  antibody  curve.  This  effect  is 
interpreted  as  due  to  a  latent  tissue  sensitization.  To  test  the  pres- 
ence of  this  phenomenon  in  adrenalectomized  animals,  two  of  the 
survivors  from  the  experiments  already  described,  with  their  con- 
trols, and  with  two  normal  guinea  pigs,  were  injected  intraperitone- 
ally  with  0.05  mg.  of  the  typhoid  vaccine  used  for  the  original  im- 
munization.    At  this  time  the  animals  from  the  earlier  experiments 

'Cole,  R.  I.,  E.xperinientcllcr  Beitrag  zur  Typhusimmunitiit,  Z.  Hyg.  u.  In 
fectionskrankh.,  1904,  xlvi,  371. 
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showed  typhoid  agglutinins  in  dilutions  of  1 :  80  to  1 :  160  of  their 
sera.  The  normal  controls  showed  no  antibodies.  7  days  later  the 
titers  of  the  previously  immunized  guinea  pigs  had  risen  to  1 :  320  to 
1 :  640,  while  the  single  dose  of  0.05  mg.  of  vaccine  had  resulted  in 
agglutinin  formation  to  the  extent  of  1:20  in  one  control.  These 
findings,  and  the  results  of  a  subsequent  titration  are  found  in  Table 
II.  The  tissue  sensitization  occurred  normally  in  the  partially  ad- 
renalectomized  guinea  pigs  and  their  previously  immunized  controls. 

Series  III. 

With  the  technique  already  described  a  smaller  number  of  experi- 
ments was  made  on  guinea  pigs  immunized  against  hen  corpuscles. 
Hemagglutinins  and  hemolysins  were  studied  in  animals  adrenalecto- 
mized  before  or  after  immunization  in  experiments  similar  to  those  in 
Series  I.  Although  the  initial  antibody  titers  corresponded  roughly 
to  those  obtained  with  typhoid  vaccine,  the  hemagglutinins  and 
hemolysins  disappeared  from  the  circulating  blood  much  more  rap- 
idly, so  that  the  antibody  content  was  reduced  ahnost  to  nothing  in 
the  course  of  2  months.  The  results  of  titrations  at  intervals  are 
shown  in  Text-figs.  3  and  4,  in  which,  against  a  background  of  nor- 
mal variations  are  plotted  the  curves  of  the  adrenalectomized  ani- 
mals. Two  of  these,  namely  Guinea  Pigs  12  and  13,  were  adrenal- 
ectomized before  immunization,  losing  one-half  the  right  gland  43 
days,  and  the  left  gland  7  days  before  the  first  injection  of  corpuscles. 
The  other  adrenalectomized  animals,  namely  Guinea  Pigs  32,  50,  and 
51,  were  first  immunized  and  then  operated  upon  7  to  10  days  after 
the  final  injection.  The  high  initial  agglutinin  titers  of  Guinea  Pigs 
50  and  51  are  due  to  four,  instead  of  the  usual  three  injections.  Of 
the  three  animals  in  this  experiment,  those  with  the  highest  titers  were 
chosen  for  operation.  The  control  animal,  Guinea  Pig  52,  had  an 
initial  hemagglutinin  titer  of  1:640.  The  slopes  of  the  curves  for 
Guinea  Pigs  50  and  51  are  seen  to  parallel  the  normal  curve,  although 
the  titers  for  Guinea  Pigs  50  and  51  do  not  fall  within  the  normal 
limits.  The  charted  results  show  that  adrenalectomy  has  no  essen- 
tial influence  upon  the  production  or  gradual  diminution  of  hemoly- 
sins and  hemagglutinins  in  guinea  pigs. 


Hemoly-sin 

Titers 
5120 


1280 


320 


80 


20 


51 

1^50. 
13  3iV^ 

XtM 

^:^ 

i 

^^^ 

^>1Z 

10  20  30  40  50 

Days  after  final   immanizing  dose 


60 


Text-Fig.  3.  Hemolysin  titers  of  adrenalectomized  animals.  Guinea  Pigs  12 
and  13  were  adrenalectomized  before  immunization  and  Guinea  Pigs  32,  50.  and 
51  after  immunization. 


Hemagglutinin 
Titers 
5120 


1280 


320 


80 


20 


^^ 

32S^ 

^51 

^Vj^\ 

V 

v^x 

\ 

50 

12 
^13 

10  20  30  40  50 

Ds^s  after  final  immunizing  dose 


60 


Text-Fig.  4.  Hemagglutinin  titers  of  adrenalectomized  animals.  Guinea 
Pigs  12  and  13  were  adrenalectomized  before  immunization  and  Guinea  Pigs  M, 
50,  and  51  after  immunization. 
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Series  IV. 

As  with  the  survivors  from  the  experiments  with  typhoid  agglu- 
tinins, the  guinea  pigs  immunized  against  hen  corpuscles  were  given 
a  second  small  injection  of  the  foreign  blood  cells  after  antibodies  had 
almost  disappeared  from  their  sera.     With  two  normal  controls,  and 


TABLE   III. 


Rise  in  Hemolysin  and  Hemagglutinin  Tilers  of  Previously  Immunized  Guinea  Pigs 
on  Rcinjeclion  with  Hen  Corpuscles. 


Hemolysins. 

Hemagglutinins. 

Time 

Time 

6 
Z 
■5 

Previous  operative  history. 

Previous 

before 
in  lec- 

Time after 
injection. 

before 
injec- 

Time after 
injection. 

tion. 

tion. 

a 

< 

5  days. 

7  days. 

45 
days. 

S  days. 

7  days. 

45 

days. 

13 

Double  adrenalectomy  68 
days  before. 

52  days  before. 

1:10 

1:160 

1:40 

0 

1:20 

1:20 

31 

Double  adrenalectomy    4 
days  before. 

61     " 

0 

1:320 

1:20 

0 

1:40 

1:10 

43 

Double  adrenalectomy    4 
days  before. 

52     " 

1:10 

1:320 

1:20 

0 

1:80 

1:20 

50 

Double  adrenalectomy  37 
days  before. 

44     " 

1:40 

1:320 

1:40 

1:10 

1:40 

1:40 

55 

Double  adrenalectomy    3 
days  before. 

40     " 

1:40 

1:160 

1:40 

0 

1:40 

1:20 

54 

Right  adrenal  removed  3 
days  before. 

40     " 

1:10 

1:320 

0 

1:40 

33 

Control  operation  51  days 
before. 

61     " 

1:40 

1:160 

1:40 

0 

1:40 

1:20 

44 

None. 

52     " 

1:10 

1:160 

1:40 

0 

1:40 

0 

52 

" 

44    " 

1:40 

1:320 

1:80 

1:10 

1:40 

1:10 

53 

" 

40     " 

1:20 

1:20 

1:10 

0 

1:20 

1:10 

62 

None;  normal. 

None. 

0 

0 

0 

1:80 

1:40 

1:10 

63 

"            " 

" 

0 

0 

0 

0 

0 

0 

four  control  guinea  pigs  previously  immunized,  six  partially  adrenal- 
ectomized  animals  were  injected  intraperitoneally  with  0.05  cc.  of 
washed  hen  corpuscles.  One  of  the  adrenalectomized  guinea  pigs 
had  been  operated  upon  before  the  previous  immunization.  The 
other  four  had  lost  adrenal  tissue  at  varying  intervals  after  immuni- 
zation.    Although  the  minute  dose  of  antigen  given  did  not  stimu- 
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late  antibody  production  to  the  original  level,  the  adrenalectomized 
and  all  but  one  of  the  control  animals  which  had  been  previously 
immunized  responded  with  hemagglutinin  titers  of  1 :  20  to  1 :  80,  and 
hemolysin  titers  of  1:160  to  1:320  on  the  7th  day,  whereas  the 
normal  control  animals,  for  which  this  was  the  first  injection,  failed 
to  show  demonstrable  increase  of  antibodies.  Control  Guinea  Pig  62 
with  an  initial  hemagglutmin  titer  of  1 :  80  before  injection  gave  sub- 
sequent titers  of  1 :  40  and  1 :  10,  showing  no  effect  from  the  injection. 
5  weeks  later  the  hemolysins  of  most  of  the  animals  had  fallen  below 
1 :  80,  and  the  hemagglutinins  below  1 :  40.  These  results  are  given 
in  Table  III. 

In  addition  to  the  experhnents  described  above  on  guinea  pigs, 
three  rabbits  were  partially  adrenalectomized  and  tested  for  in  vivo 
agglutinins,  as  described  by  Bull.*  Typhoid  bacilli  injected  on  the 
4th  or  the  24th  day  after  adrenalectomy  were  clumped  and  removed 
from  the  blood  stream  with  the  same  rapidity  and  completeness  as 
in  normal  animals.  The  blood  of  these  rabbits  was  then  tested  for 
natural  typhoid  agglutinins  by  the  usual  method  in  vitro.  The 
titers  ranged  from  1:16  to  1:128,  showing  that  neither  adrenal- 
ectomy nor  the  in  vivo  agglutination  had  removed  these  antibodies 
from  the  blood. 

SUMMARY. 

By  careful  aseptic  operation  it  was  found  possible  to  remove  ap- 
proximately three-quarters  to  seven-eighths  of  the  adrenal  tissue  of 
guinea  pigs  without  causing  s\inptoms  of  adrenal  insufficiency. 
Guinea  pigs  were  immunized  to  Bacillus  typhosus  or  to  hen  corpuscles 
at  varying  intervals  before  or  after  the  operation,  and  the  curves  of 
antibody  formation  traced  for  2  to  3  months  after  immunization. 
Comparisons  with  the  antibody  curves  of  control  animals  similarly 
immunized  fail  to  show  that  the  adrenalectomy  had  any  influence 
upon  the  rise  or  persistence  of  antibodies  in  the  blood. 

For  the  purposes  of  the  study  it  was  not  deemed  necessary  to  pro- 
duce an  acute  adrenal  insufficiency.  If  the  adrenal  glands  were  the 
site  of  antibody  formation  or  played  an  essential  part  in  immunity 
processes,  it  does  not  seem  probabW  that  the  small  remainder  of 

*  Bull,  C.  G.,  The  agglutination  of  bacteria  in  vivo,  J.  Exp.  Med..  1915,  xxii,  484. 
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adrenal  tissue  left  in  situ  to  sustain  life  would  alTect  quantitatively 
the  antibody  response  to  a  given  antigen  injection  as  do  the  entire 
normal  glands.  We  therefore  interpret  the  experiments  to  indicate 
that  not  only  are  the  adrenal  glands  not  one  of  the  important  sources 
of  typhoid  agglutinins,  or  of  hemagglutinins  or  hemolysins,  but  they 
play  no  essential  part  in  the  mechanism  by  which  these  antibodies  are 
produced  and  maintained  in  the  body. 


^STIVO-AUTUMN.^L  M.-VLARIA.  THE  EXTRACELLULAR 

RELATION  OF  THE  CRESCENTIC  BODIES  TO  THE  RED 
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.Eslh'o-A  iilumnal  Parasite. 

iEstivo-autumnal  parasites  are  extracellular  throughout  their  life 
cycle;  they  migrate  from  one  red  corpuscle  to  another,  destroying 
several  in  the  course  of  their  development.  They  pass  through  a  sexual 
cycle  in  the  human  host,'  with  the  formation  of  flagella  by  the  micro- 
gametocyte,  fertilization  of  the  macrogamete,  and  its  subsequent 
segmentation.  I  have  seen  these  phases  many  times.  The  great  dif- 
ficulty in  working  out  the  phases  in  the  Eestivo-autmnnal  infections 
is  that  since  the  infection  is  usually  so  serious,  one  hardly  feels  jus- 
tified in  withholding  treatment  of  the  infected  individual  for  the  period 
of  time  necessary  for  the  parasites  to  become  very  lamnerous,  or,  if 
already  mmierous,  for  the  time  required  for  a  protracted  study  of 
them  during  their  developmental  phases.  (The  developmental  and 
sexual  phases  rarely  appear  in  the  peripheral  blood  unless  the  patient 
has  a  very  heavy  infection.)  It  requires  many  hours  for  the  complete 
examination  of  even  one  film  of  the  patient's  blood. 

Crescentic  Bodies. 

The  life  phase  of  the  aestivo-autumnal  parasite  is  represented  by 
the  characteristic  crescentic  bodies.     They  develop  in  gradual  stages 

*  Aided  by  a  grant  from  The  Rockefeller  Institute  for  Medical  Research. 

'  Rowley-Lawson,  M.,  The  aestivo-autumnal  parasite:  its  sexual  cycle  in  the 
circulating  blood  of  man,  with  a  description  of  the  morphological  and  biological 
characteristics  of  the  parasite,  J.  E.xp.  Med.,  1911,  xiii,  263. 
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from  the  small  ring-form  parasites  as  round  bodies,  finally  opening 
out  into  the  crescent  form.  Several  days  are  required  for  their 
de\'elopment,  which  usually  takes  place  in  the  internal  organs  of 
the  host.  The  crescent  may  assume  other  forms,  such  as  fusiform, 
ovoid,  and  round.  Many  of  the  so  called  round  and  ovoid  bodies 
are  (n)  crescents  viewed  from  their  convex  side;  (b)  crescents  bent 
on  themselves;  (c)  adult  crescents  contracted  into  round  bodies 
and  ovoids.  The  contracted  round  bodies  and  ovoids  are  usually 
seen  at  the  edges  of  films  made  on  slides  and  cover-slips.  By  the 
examination  of  many  specimens  one  soon  learns  to  distinguish  between 
the  developing  (round  body)  crescent  and  the  round  form  assumed  by 
the  adult  crescent. 


Text-Fig.  1,  a  and  b.  The  appearances  one  would  get  if  the  parasite  were 
within  the  corpuscle;  that  is,  the  outline  of  the  decolorized  corpuscle  would 
correspond  to  the  convexity  of  the  crescentic  body.  One  would  not  expect  it 
to  embrace  the  ends  of  the  crescent,  and  then  bulge  out  from  the  concavity  of 
the  crescent  in  the  curved  line,  as  shown  in  Text-fig.  2,  a,  b,  and  c.  It  would 
be  more  likely  to  present  an  appearance  such  as  is  shown  in  Text -fig.  1,  b. 

Extracellular  Relation  of  the  Crescent  to  the  Red  Corpuscle. — The 
crescentic  bodies  are  generally  believed  to  be  within  the  substance  of 
the  red  corpuscle  in  spite  of  the  many  evidences,  easily  demonstrated, 
that  they  are  attached  to  its  external  surface.  Even  if  one  could  not 
understand  the  method  by  which  this  attachment  was  secured,  the 
relation  of  the  "bib"  to  the  parasite  should  enable  one  to  see  that 
they  are  not  within  the  corpuscle.  For  instance,  if  they  were  within 
the  corpuscle,  one  would  expect  to  get  such  appearances  as  are  shown 
in  Text- fig.  1.  As  a  matter  of  fact,  the  appearances  most  commonly 
met  with  and  illustrated  are  those  given  in  Text-fig.  2. 

Attachment  of  the  Crescent  to  the  Red  Corpuscle. — The  crescent  fol- 
lows in  general  the  same  method  of  attachment  to  the  corpuscle  as 
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do  the  parasites  of  the  other  malarial  infections.'-  They  encircle 
with  their  cytoplasm  mounds  of  hemoglobin  substance,  wliich  assists 
them  to  maintain  their  rather  precarious  position  on  the  surface  of 
the  corpuscle  while  they  dissolve  and  digest  the  hemoglobin.  The 
mounds  of  hemoglobin  to  which  the  corpuscles  are  attached  may 
be  seen  protruding  through  the  cytoplasm  of  the  body  proper  of  the 
crescent  as  well  as  at  the  periphery  (Figs.  1  to  105).  One  might 
say  that  the  parasite  attaches  itself  to  the  corpuscle  in  two  ways: 
(a)  encircling  with  its  body  protoplasm  surface  mounds  of  hemoglo- 
bin; (b)  .encircling  with  pseudopodia  arising  from  the  cytoplasm 
peripheral  mounds  of  hemoglobin. 


Text-Fig.  2,a,b,  and  c.  The  crescent  wraps  itself  around  the  red  corpuscle, 
and  proceeds  to  decolorize  it.  The  so  called  "bib"  is  the  decolorized  corpuscle. 
When  the  bib  is  present  it  practically  always  comes  from  the  concavity  of  the 
crescentic  body  as  shown  in  a,  b,  and  c.  Ordinarily  the  bib  appears  only  on 
one  side  of  the  crescent,  but  occasionally  it  may  be  seen  on  both  sides  as  is 
schematized  in  c.  In  these  instances  the  outline  of  the  decolorized  corpuscle 
can  usually  be  traced  through  the  substance  of  the  crescent. 

Surface  Mounds.— The  mounds  of  hemoglobin  substance  protrud- 
ing through  the  protoplasm  of  the  parasite  do  not  seem  to  alter  the 
general  outline  of  the  crescentic  body.  In  many  instances  where 
the  apex  of  the  surface  mound  extends  beyond  the  periphery  of  the 
crescentic  body,  the  outUne  of  the  crescent  may  be  traced  beneath 
the  transparent  mound.  The  mounds  protrude  through  various 
parts  of  the  body  of  the  crescent,  some  of  them  protruding  where 
the  nucleoplasm  is  supposed  to  be;  m  fact,  in  rare  cases  the  chro- 

'  In  previous  publications  I  have  explained  and  illustrated  the  method  by  which 
the  young  parasites  of  a;stivo-autumnal  infections  (Figs.  1  to  7),  as  well  as  the 
parasites  of  tertian  infections  (Figs.  8  to  10),  secure  their  attachment  to  the  ex- 
ternal surface  of  red  corpuscles. 
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matin  granules  may  be  seen  outlining  the  hemoglobin  mound  at  its 
base  (Figs.  21  and  79  at  oo).  Frequently  the  pigment  granules 
may  be  seen  outlining  the  base  of  a  hemoglobin  mound  (Figs.  11,  17, 
and  44  at  x) . 

Peripheral  Mounds. — These  are  seen  along  the  edges  of  the  cres- 
centic  bod}^  and  do  not  appear  to  have  protruded  through  the  body 
proper  of  the  parasite.  I  believe  that  these  peripheral  mounds  are 
encircled  by  pseudopodia. 

Attaching  Pseudopodia. — I  do  not  know  whether  these  pseudopodia 
are  used  for  the  purpose  of  capturing  their  prey  as  well  as  for  the 
purpose  of  securing  it  after  it  has  been  captured.  They  arise  from 
the  cytoplasm  of  the  parasite,  staining  similarly,  and  may  show  defi- 
nitely, especially  in  specimens  where  the  hemoglobin  mounds  are 
seen.  As  one  would  expect,  considering  their  purpose,  they  may  be 
seen  either  in  the  form  of  loops  (Figs.  43,  58,  60,  70,  98,  and  105  at 
o),  or  as  strings  of  cytoplasm  (Figs.  21,  34,  56,  57,  59,  79,  97,  and  98 
at  o).  The  large  amount  of  cytoplasm  which  may  enter  into  the 
formation  of  these  pseudopodia  is  surprising  (Figs.  59,  60,  70,  98, 
99,  and  105). 

I  have  observed  these  mounds,  especially  the  peripheral  mounds,  in 
fresh  preparations.  This  has  led  me  to  believe  that  perhaps  some  of 
the  small  round  bodies  seen  by  observers  about  the  periphery  of  the 
crescent  might  be  hemoglobin  mounds. 

Celli  and  Guarnieri^  note  that  "these  crescent  and  ovoid  forms  may  show  small 
round  bodies — buds,  as  it  were — about  the  periphery,  one  or  more  in  number." 
Thayer^  states:  "We  may  observe  in  certain  instances  the  protrusion  of  small 
deUcate,  bud4ike  bodies  which  are  cut  oflf  from  the  cell."  Celli  and  Guarnieri 
suggest  that  these  bodies  may  represent  a  method  of  reproduction,  while  Thayer 
states  that  it  is  probably  a  degenerative  process.  Sforza,^  judging  from  certain 
observations  on  the  staining  reactions  of  crescents,  concludes  that  "the  greater 
part  of  the  crescentic  body  is  nothing  more  or  less  than  the  degenerate  red  cor- 
puscle." To  reach  this  conclusion,  could  he  have  seen  the  hemoglobin  mound's 
protruding  through  the  crescentic  body? 

'  Celli  and  Guarnieri,  quoted  from  Thayer,  W.  S.,  and  Hewetson,  J.,  The  ma- 
larial fevers  of  Baltimore,  Johns  Hopkins  Hasp.  Rep.,  1895,  v,  162. 

^  Thayer,  W.  S.,  Lectures  on  the  malarial  fevers,  New  York,  1897,' 73. 

'"  Sforza,  quoted  from  Thayer  and  Hewetson,  The  malarial  fevers  of  Baltimore, 
Johns  Hopkins  Hasp.  Rep.,  1895,  v,  169. 
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Decolorization  of  Corpuscular  Mounds  by  Parasitic  Action. 
Vacuolization. 

As  a  rule,  mounds  of  hemoglobin  substance  are  rather  rapidly  de- 
colorized (dissolved  and  assunilated)  by  the  parasite.  This  may  be 
demonstrated  by  the  examination  of  a  large  series  of  films  taken  in 
immediate  succession.  After  decolorization  of  the  surface  mounds 
has  taken  place,  the  appearance  of  the  parasite  corresponds  to  what 
has  often  been  described  and  pictured  as  "vacuolization."  Mounds 
in  the  process  of  decolorization  by  the  action  of  the  parasite  are  fre- 
quently seen  (Figs.  62  to  69) .  I  have  observed  vacuoles  in  the  living 
parasite  many  times  and  have  never  considered  the  process  a  degen- 
erative one.  The  vacuoles  vary  in  size  and  shape  and  two  or  more 
may  run  together  to  make  one. 

The  idea  that  vacuolization  is  synonymous  with  degeneration  seems  to  be  well 
fixed  in  the  minds  of  many  observers.  Canalis''  pictures  a  crescent  with  vacu- 
oles, describing  it  as  a  crescent  showing  degeneration.  Antolisei  and  Angelini' 
describe  "degenerate  vacuolating  forms  which  represent  the  death  of  the  para- 
site." Mannaberg^  writes:  "In  fresh  preparations  appearances  are  sometimes 
seen  in  the  crescents  which  must  be  considered  to  be  processes  of  degeneration. 
They  consist  of  the  appearance  of  clear  circles  and  spots,  which  alter  their  shape 
under  the  observer's  eye."  Marchiafava  and  Bignami'  write:  "We  may  also  see 
the  process  of  vacuolization  of  the  crescent  bodies  as  well  as  of  the  ovoid  and  round 
ones,"  describing  it  as  a  degenerative  alteration.  Celli  and  Guarnieri'  note 
"vacuolic  degeneration  of  the  crescentic  forms."  Manson^"  writes  that  the  pro- 
toplasm of  the  crescent  "shows  vacuolation  and  other  signs  of  degeneration." 


^  Canalis,  P.,  Sludi  sulla  Infexione  malarica  Sulla  varieta  parassitaria  delle 
forme  semilunari  di  Laveran  e  sulle  febbri  malariche  che  da  esse  dipendono,  .-Irch. 
sc.  med.,  1890,  xiv,  75,  and  Plate  C,  Fig.  11. 

'  Antolisei  and  Angelini,  quoted  from  Thayer  and  Hewetson,  The  malarial 
fevers  of  Baltimore,  Johns  Hopkins  Eosp.  Rep.,  1895,  v,  164. 

^  Mannaberg,  J.,  The  malarial  parasites.  A  description  based  upon  observa- 
tions made  by  the  author  and  other  observers;  Translation  by  Felkin,  R.  W., 
London,  1894,  287. 

'  Marchiafava,  E.,  and  Bignami,  .\.,  Malaria,  in  Stedman,  T.  L.,  Twentieth 
century  practice,  Xew  York,  1900,  xix,  47. 

"*  Manson,  P.,  Tropical  diseases:  a  manual  of  the  diseases  of  warm  climates, 
London,  Paris,  New  York,  and  Melbourne,  2nd  edition,  1900,  14. 
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Thayer"  states:  "Vacuolization  of  the  crescentic,  ovoid,  and  round  bodies  is  not 
very  uncommon.  This  is  usuaUy  associated  with  a  diminution  of  the  refractive- 
ness  of  the  parasite  and  often  with  a  loss  of  regular  outline.  The  vacuoles  are 
small,  but  may  vary  considerably  in  size,  sometimes  becoming  confluent  and 
larger.  The  process  is  evidently  degenerative."  Thaj'er  and  Hewetson'^  state 
that  the  "  vacuolic  degeneration"  of  crescentic  forms  is  a  process  which  has  previ- 
ously been  described  by  Laveran. 

Vacuoles. 

Contractile  or  Pulsatile  Vacuoles. — In  protozoa  the  vacuole  is  not  a 
vacant  space.  In  the  fresh  water  amebas,  in  addition  to  food 
vacuoles,  one  may  see  contractile  or  pulsatile  vacuoles.  These 
vacuoles  are  exceptional  in  size  and  constancy  of  position.  They 
are  usually  excretory  organs,  containing  a  combination  of  fluid  and 
gas.  At  fairly  regular  intervals  they  may  be  seen  to  contract  until 
they  disappear,  reforming  slowly.  But  it  is  not  the  contractile  or 
pulsatile  vacuoles  with  which  we  have  to  do  in  connection  with  the 
malarial  parasite,  but  with  the  food  vacuoles. 

Food  or  Nutritive  Vacuoles. — These  are  usually  regarded  as  of 
temporary  character.  They  contain  liquid,  not  gas,  probably  a 
chemical  ferment  which  dissolves  the  hemoglobin  and  makes  it  avail- 
able for  utilization  by  the  parasite.  The  parasite  assimilates  what 
it  needs  for  nutrition,  the  waste  products  being  converted  into  pig- 
ment, which  is  excreted  when  the  parasite  segments. 

The  fresh  water  ameba  resembles  the  malarial  ameba  in  some  re- 
spects. It  secures  its  prey  by  means  of  pseudopodia  which  surround  the 
prey,  the  pseudopodium  of  the  ameba  uniting  to  enclose  it  within  the 
boundary  of  its  protoplasm,  in  this  way  forming  a  so  called  nutriti\-e 
vacuole  with  the  prey  as  the  inclusion.  The  ameba  then  proceeds 
to  dissolve  the  inclusion,  absorbing  the  dissolved  material  into  its 
substance,  storing  the  reserves,  and  throwing  off  the  waste  products. 

I  have  seen  much  the  same  process  occur  with  the  mononuclear 
leukocyte  of  human  blood."     The  leukocyte  put  out  pseudopodia  from 

"  Thayer,  Lectures  on  the  malarial  fevers,  New  York,  1897,  72. 

"  Thayer  and  Hewetson,  The  malarial  fevers  of  Baltimore,  Johns  Hopkins 
Flosp.  Rep.,  1895,  v,  162. 

"  Rowley,  M.  W.,  A  fatal  anemia  with  enormous  numbers  of  circulating  pha- 
gocytes, J.  Exp.  Med.,  1908,  X,  78. 
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its  cytoplasm,  which  captured  and  included  a  polynuclear  leukocyte, 
the  pseudopodia  uniting  to  form  the  wall  of  the  nutritive  vacuole 
with  the  polynuclear  leukocyte  within  it.  The  mononuclear  cell 
then  proceeded  to  dissolve  the  inclusion  and  the  gradual  disappear- 
ance of  the  structure  of  the  polynuclear  leukocyte  could  be  watched. 

The  vacuoles  seen  in  connection  with  the  malarial  parasite  are 
what  one  would  expect  to  find  and  are  not  an  indication  of  degenera- 
tion. Grassi'^  shows  them  in  crescentic  bodies,  Schaudinn'^  pictures 
vacuoles  in  the  ''ookinete,"  and  Ruge'^  illustrates  them  in  a  pro- 
teosoma.  Even  the  decolorized  mound  ("achromatic  area")  seen  in 
connection  with  the  young  parasite  must  be  a  converted  nutritive 
vacuole  since  the  parasite  has  dissolved  and  assimilated  the  hemo- 
globin which  was  enclosed  within  its  pseudopodium. 

Is  it  possible  that  the  malarial  parasite,  like  the  fresh  water  ameba, 
may  secrete  reserves  which  would  enable  it  to  withstand  lack  of 
food  for  a  short  time?  If  this  were  so,  it  would  suggest  what  we  al- 
ready know  to  be  necessary — vigorous  and  long  continued  treatment. 


Y^stivo-autumnal  parasites,  including  the  crescentic  bodies,  are  al- 
ways extracellular;  that  is,  they  are  attached  to  the  external  surface 
of  the  red  corpuscles. 

Crescentic  bodies  attach  themselves  to  the  red  corpuscles  just  as  the 
younger  parasites  do,  by  encircling,  with  their  cytoplasm,  mounds  of 
hemoglobin  substance.  These  hemoglobin  mounds  may  be  seen  pro- 
truding through  various  portions  of  the  crescentic  bodies,  as  well  as 
at  the  periphery  of  the  parasites.  The  base  of  the  mounds  is  occa- 
sionally outlined  by  the  chromatin  or  pigment  granules. 

The  hemoglobin  mounds  protruding  through  the  body  proper  of 

'■*  Grassi,  B.,  Die  Malaria,  Studien  eines  Zoologen,  Jena,  2n<l  edition,  1901,  Figs. 
11,  12,  14  to  17,  20,  21,  24,  25,  and  28. 

''  Schaudinn,  F.,  Studien  tiber  krankheilserregende  Protozoan.  II.  Plasmo- 
dium vivax  (Grassi  &  Feletti),  der  Erreger  des  Tertianfiebers  beim  Menschen, 
Arb.  k.  Gsndhtsamte.,  1903,  .xix,  169,  and  Plate  4,  Figs.  37,  38,  39,  and  40. 

'^  Ruge,R.,Einfuhrungindas  StudiumderMalariakrankheiten  mit  besonderer 
Beriicksichtigung  der  Technik.  Ein  Leitfaden  fiir  Schiffs-  und  Colonialiirzte, 
Jena,  1901,  Plate  1,  Fig.  41. 
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the  crescentic  bodies  do  not  seem  to  alter  the  general  outline  of  the 
parasites.  The  outline  of  the  parasites  may  be  traced  through  the 
transparent  mounds. 

Whenever  attaching  pseudopodia  are  observed  they  are  seen  to 
arise  from  the  cytoplasm  of  the  parasites  and  may  be  in  the  form  of 
loops  or  strings. 

When  the  crescents  are  attached  they  proceed  to  dissolve  the  hemo- 
globin to  make  it  available  for  utilization,  assimilating  what  is  re- 
quired for  nutrition,  the  waste  product  being  in  the  form  of  pigment 
granules. 

After  the  hemoglobin  mounds,  to  which  the  crescents  are  attached, 
have  been  decolorized  by  parasitic  action,  an  appearance  is  obtained 
which  has  been  described  by  most  observers  as  vacuolization  of  the 
crescentic  body.  These  observers  believe  the  picture  to  be  one  of 
degeneration. 

The  decolorized  mounds  or  vacuoles  ("achromatic  areas")  seen  in 
connection  with  malarial  parasites  correspond  to  the  nutrition  vacuoles 
of  the  common  ameba;,  and  possibly  the  malarial  parasite  may,  like 
these  ameba;,  secrete  reserve  food. 

EXPLANATIOxNf  OF  PLATES 
Plate  3i. 

Magnificalion,  X  1,690. 

Figs.  1  to  7.  Young  aeslivo-aulumnal  parasites  attached  to  peripheral  mounds 
of  hemoglobin  substance.  The  pseudopodia  of  the  parasites  have  encircled 
the  mounds  at  their  base. 

Figs.  8  to  10.  Adult  tertian  parasites  attached  to  peripheral  corpuscular 
mounds. 

I'li-.s.  1 1  to  35.  Crescentic  bodies  of  aestivo-autumnal  infections  attached  to 
peripheral  and  surface  mounds  of  hemoglobin  substance.  In  Figs.  11,  17,  26, 
and  28  the  pigment  granules  are  seen  outlining  the  hemoglobin  mounds  at  their 
base,  at  x.  In  Fig.  21  the  chromatin  granules  may  be  seen  outlining  the  base  of 
the  mound  at  oo.     In  Figs.  21  and  .S4  the  pscudopodium  may  be  seen  at  o. 

Figs.  12,  13,  14,  15,  16,  18,  \9.  20,  21,  22,  24,  25,  26,  27,  28,  29,30,  31,  i3,  and 
35  correspond  to  Figs.  71,  72,  73,  74,  75,  76,  77,  78,  79,  80,  81,  82,  83,  84,  85, 
86,  87,88,  89,  and  90. 

E.xaminalion  of  these  pictures  with  a  magnifying  glass  will  show  definitely  the 
mounds  of  hemoglobin  substance  protruding  through  the  bodies  of  the  crescents. 
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Plate  34. 

Magnification,  X  1,690. 

Figs.  36  to  55.  Crescentic  bodies  attached  to  peripheral  and  surface  mounds 
of  hemoglobin  substance.  Fig.  43  shows  at  o  the  pseudopodium  in  the  form  of  a 
loop.  Fig.  44  shows  at  x  pigment  granules  surrounding  the  base  of  the  hemo- 
globin mound.  Fig.  45  shows  at  xx  mounds  of  hemoglobin  substance,  which 
was  stained  a  deep  pink,  reproducing  black  in  the  photograph. 

Figs.  37,  41,  44,  46,  49,  and  55  correspond  to  Figs.  91,  92,  93,  94,  95,  and  96. 

Fig.  56.  .\  crescent  body  attaching  to  a  red  corpuscle  by  means  of  its  pseudo- 
podia,  seen  at  o.     This  figure  corresponds  to  Fig.  97. 

Fig.  57.  A  crescent  attached  to  a  partially  decolorized  corpuscle.  The 
mounds  of  hemoglobin  substance  may  be  seen  and  a  pseudopodium  is  seen  at  o. 

Fig.  58.     A  crescent  with  an  attaching  loop  of  cytoplasm  showing  at  o. 

Fig.  59.  A  crescentic  body  showing  corpuscular  mounds  and  an  attaching 
pseudopodium  at  o.     This  figure  corresponds  to  Fig.  98. 

Fig.  60.  The  attaching  pseudopodia  may  be  seen  at  o  in  the  form  of  loops. 
This  figure  shows  a  large  amount  of  cytoplasm  entering  into  the  pseudopodia. 
This  figure  corresponds  to  Fig.  99. 

Fig.  61.  The  corpuscle  to  which  the  parasite  is  attached  shows  well  here,  and 
a  careful  examination  of  the  parasite  will  show  the  surface  mounds.  This  figure 
corresponds  to  Fig.  100. 

Fig.  62.  Here  the  hemoglobin  mounds  are  showing  decolorization.  The  en- 
tire upper  end  of  the  parasite  is  occupied  by  a  partially  decolorized  mound  of 
hemoglobin   protruding  through  the  cytoplasm  of  the  parasite. 

Fig.  63.  Here  one  sees  the  beginning  of  what  is  popularly  termed  vacuoliza- 
tion. The  parasite  is  dissolving  and  digesting  the  hemoglobin  and  the  digestive 
vacuoles  can  be  seen  more  clearly  than  when  they  are  filled  with  the  well  stained 
hemoglobin  substance.     This  figure  corresponds  to  Fig.  101. 

Figs.  64  and  65.  The  dissolving  of  the  hemoglobin  in  the  vacuole,  the  opera- 
tion being  a  little  more  advanced  in  Fig.  65.     Fig.  64  corresponds  to  Fig.  102. 

Fig.  66.  The  strands  of  cytoplasm  of  the  parasite  may  easily  be  seen  between 
I  he  vacuoles.  The  vacuoles  are  oval  in  shape  and  the  included  hemoglobin  al- 
most decolorized.     This  figure  corresponds  to  Fig.  103. 

Figs.  67  and  68.  Definite  vacuoles  in  the  body  of  the  parasites.  Fig.  68  cor- 
responds to  Fig.  104. 

Fig.  69.     A  large  vacuole  in  the  parasite. 

Fig.  70.  The  crescentic  body  here  shows  that  it  is  attached  to  corpuscular 
mounds  and  a  loop  arrangement  of  cytoplasm  is  seen  extending  from  one  end  of 
the  parasite  to  the  other  end,  at  O.     This  figure  corresponds  to  Fig.  105. 
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Plate  35. 


Magnification,  X  1,690. 

Figs.  71  to  105.  These  pictures  are  colored  photographs  of  certain  parasites 
showTi  in  the  black  and  white  reproductions.  They  show  the  parasites  attached 
to  peripheral  and  surface  mounds  of  hemoglobin  substance.  The  attaching 
pseudopodia  and  the  nutritive  vacuoles  of  the  parasites  can  also  be  seen. 


Fig.  71  corresponds  to  Fig.  12. 
Fig.  72  corresponds  to  Fig.  13. 
Fig.  73  corresponds  to  Fig.  14. 
Fig.  74  corresponds  to  Fig.  15. 
Fig  75  corresponds  to  Fig.  16. 
Fig.  76  corresponds  to  Fig.  18. 
Fig.  77  corresponds  to  Fig.  19. 
Fig.  78  corresponds  to  Fig.  20. 
Fig.  79  corresponds  to  Fig.  21. 
Fig.  80  corresponds  to  Fig.  22. 
Fig.  81  corresponds  to  Fig.  24. 
Fig.  82  corresponds  to  Fig.  25. 
Fig.  83  corresponds  to  Fig.  26. 
Fig.  84  corresponds  to  Fig.  27. 
Fig.  85  corresponds  to  Fig.  28. 
Fig.  86  corresponds  to  Fig.  29. 
Fig.  87  corresponds  to  Fig.  30. 
Fig.  88  corresponds  to  Fig.  31. 


Fig.  89  corresponds  to  Fig.  33. 
Fig.  90  corresponds  to  Fig.  35. 
Fig.  91  corresponds  to  Fig.  37. 
Fig.  92  corresponds  to  Fig.  41. 
Fig.  93  corresponds  to  Fig.  44. 
Fig.  94  corresponds  to  Fig.  46. 
Fig.  95  corresponds  to  Fig.  49. 
Fig.  96  corresponds  to  Fig.  55. 
Fig.  97  corresponds  to  Fig.  56. 
Fig.  98  corresponds  to  Fig.  59. 
Fig.  99  corresponds  to  Fig.  60. 
Fig.  100  corresponds  to  Fig.  61. 
Fig.  101  corresponds  to  Fig.  63. 
Fig.  102  corresponds  to  Fig.  64. 
Fig.  103  corresponds  to  Fig.  66. 
Fig.  104  corresponds  to  Fig.  68. 
Fig.  105  corresponds  to  Fig.  70. 
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(From  the  Laboratory  of  Dr.  Mary  R.  Lawson,  Neiv  London.) 

Plates  36  to  39. 

(Received  for  publication,  February  1,  1918.) 

Malarial  Parasites. 

There  are  three  species  of  malarial  parasites,  each  with  its  special 
morphological  and  biological  characteristics.  They  are:  (1)  tertian 
parasites,  (2)  quartan  parasites,  and  (3)  aestivo-autumna!  parasites. 
It  is  with  the  last  variety  that  this  paper  deals. 

Mstivo-Autiimnal  Parasite. — The  young  forms  of  these  parasites 
are  very  much  like  those  of  the  tertian  and  quartan  infections,  except 
that,  as  a  rule,  the  parasites  of  the  asstivo-autumnal  infections  are 
relatively  smaller  than  those  of  the  tertian  and  quartan  infections. 
They  are  more  delicate  in  appearance,  have  a  more  clean-cut  outline 
and  a  smaller  chromatin  mass.  One  should  learn  to  distinguish  these 
morphological  differences,  ,as  the  young  parasite  may  be  the  only 
form  present  at  the  time  of  the  examination  of  the  blood.  The  aes- 
tivo-autumnal  parasites  produce  the  gravest  manifestations  of  the 
malarial  infections  so  that  an  early  diagnosis  may  be  of  the  greatest 
importance. 

Multiple  Injection  of  Red  Corpuscles  with  Young  Parasites. 

Multiple  infection  of  red  corpuscles  with  young  parasites  is  seen  in 
all  malarial  infections  and  it  is  not  a  rare  occurrence  in  the  aestivo- 
autumnal  infections.  In  films  from  the  circulating  blood  I  have  seen 
from  two  to  seven  young  parasites  on  a  corpuscle  (Figs.  1  to  75). 

*  Aided  by  a  grant  from  The  Rockefeller  Institute  for  Medical  Research. 
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The  occurrence  is  always  accidental  and  has  no  significance  other 
than  that,  if  the  instances  are  numerous,  it  usually  means  a  heavy 
infection.  As  a  rule,  the  number  of  parasites  attached  to  individual 
corpuscles  increases  in  direct  proportion  to  the  severity  of  the  infec- 
tion; therefore  one  would  not  expect  to  find  three,  four,  or  five  para- 
sites on  a  corpuscle  in  a  film  where  the  parasites  present  were  few  in 
number.  This  fact  in  itself  should  suggest  that  instances  of  multiple 
infection  have  no  significance;  but  various  theories  have  been  formu- 
lated to  explain  certain  examples. 

Theories  as  to  Multiple  Infection. — The  position  of  the  attached 
parasites  in  relation  to  each  other  has,  apparently,  suggested  cer- 
tain theories,  such  as  conjugation  ("syngamy,"  "cytogamy"). 
The  fusion  of  two  cells,  cytoplasm  to  cytoplasm,  and  chromatin  to 
chromatin,  to  form  a  new  individual,  is  a  process  which  has  been  de- 
scribed frequently  in  connection  with  certain  protozoa. 

Mannabergi  was  one  of  the  first  observers  to  formulate  a  theory  as  to  the  con- 
jugation of  the  young  amebae  of  ffistivo-autumnal  infections.  Two  or  more  para- 
sites were  seen  attached  to  adjacent  hemoglobin  mounds.  They  were  attached 
so  closely  together  that  a  portion  of  the  cytoplasm  of  one  parasite  was  overlying  a 
portion  of  the  cytoplasm  of  the  adjacent  parasite.  This  appearance  (Figs.  11  to 
30  and  119  to  125)  was  interpreted  by  Mannaberg  as  conjugation.  He  believed 
that  a  fusion  of  the  cytoplasm  had  taken  place,  resulting  in  transitional  forms 
in  the  formation  of  the  crescents.  It  would  seem  that  it  did  not  make  any  differ- 
ence whether  two,  three,  or  four  of  these  young  parasites  had  united  to  form  a 
crescent,  for  he  states:  '  I  have  observed  two,  or  more  rarely  three,  of  these 
parasites  may  lie  closely  adhering  to  one  another,"  and  he  speaks  of  "these  con- 
glomerate parasites,  consisting  of  two  to  four  specimens."  Wright-  states:  "My 
observations  appear  to  support,  those  of  Mannaberg  in  regard  to  the  genesis  of 
the  crescent — the  syzygium — from  a  corpuscle  doubly  infected  by  parasites,"  and 
"In  the  stained  specimens  the  syzygies  appear  to  be  in  the  act  of  conjugation." 

As  a  matter  of  fact  these  parasites  never  unite.  The  same  appear- 
ance may  be  seen  in  tertian  infections. 

'  Mannaberg,  J.,  The  malarial  parasites.  A  description  based  upon  observa- 
tions made  by  the  author  and  other  observers;  Translation  by  Felkin,  R.  W., 
London,  1894,  289. 

^  Wright,  H.,  The  malarial  fevers  of  British  Malaya,  Studies  from  Institute  for 
Medical  Researdi,  Federated  Malay  Stales,  Singapore,  1901,  i,  4. 
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Multiple  Infection  of  Cor piiscidar  Mounds. 

I  have  seen  from  two  to  five  young  parasites  attached  to  one  cor- 
puscular mound  (Figs.  1  to  9,  19,  20  24,  25,  27,  29  to  35,  and  37  to 
70).  Multiple  infections  of  mounds  have  no  significance.  The 
heavier  the  infection,  the  more  frequently  it  is  seen.  The  parasites 
attached  to  one  mound  may  be  in  similar  or  in  varying  stages  of 
development.  The  cytoplasm  of  each  parasite  is  in  contact  with 
the  hemoglobin  mound,  and  each  parasite  has  a  share  in  its  de- 
struction. 

Occasionally  one  finds  two  parasites  attached  to  one  mound  so  as 
to  gi\'e  the  appearance  of  a  developing  crescent  (Figs.  31  to  35,  126, 
and  127),  and  the  same  appearance  may  be  seen  in  tertian  infections 
(Fig.  35).  In  comparing  these  instances  of  aestivo-autumnal  and  ter- 
tian infections  of  mounds,  note  the  relatively  larger  size  of  the  chro- 
matin masses  of  the  tertian  parasites. 

Many  theories  have  been  formulated  as  to  the  significance  of  the 
appearance  where  two  or  more  parasites  encircled  one  mound  of  hemo- 
globin substance,  especially  by  observers  who  believed  the  parasites 
to  be  within  the  substance  of  the  corpuscle. 

The  youngest  form  of  the  asstivo-autumnal  parasite  to  attach  itself 
to  the  red  corpuscle  may  require  its  entire  cytoplasm  to  encircle  a 
hemoglobin  mound.  When  one  of  these  parasites  is  so  attached,  it 
appears  as  a  ring-form  of  a  delicate,  thread-like  structure,  more  or 
less  uniform  in  size  throughout  its  circumference.  If  two  or  more  of 
these  tiny  parasites  encircle  the  one  hemoglobin  mound,  the  cyto- 
plasm of  one  parasite  superimposed  over  the  cytoplasm  of  the  other 
parasite  or  parasites,  and  the  chromatin  masses  separated  or  lying 
close  together,  as  accident  may  direct,  the  appearance  of  a  single 
ring  with  more  than  one  mass  of  chromatin  is  obtained  (Figs.  1  to 
4  and  6). 

Marchoux'  suggested  that  these  forms  result  from  conjugation,  and  Ewing^ 
states  that  while  such  an  explanation  appears  reasonable,  it  is  without  proof, 
and  the  more  probable  e.xplanation  is  the  incomplete  fusion  of  the  chromatin  in 
the  rosette. 


'  Marchoux,  E.,  Le  paludisme  au  Senegal,  Ann.  Inst.  Pasteur,  1897,  xi,  647. 
*  Ewing,  J.,  Malarial  parasitology,  J.  Exp.  Med..  1900-01.  v,  482. 
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As  the  ajstivo-autumnal  parasite  increases  in  size,  especially  if  it 
has  developed  a  thickening  of  one  segment,  giving  what  has  been 
called  the  "signet-ring"  appearance,  it  is  easier  to  recognize  the  indi- 
vidual parasites  when  two  or  more  encircle  one  mound  (Figs.  31  to 
34,  36  to  70,  106  to  112,  114  to  118,  and  126  to  129). 

Craig^  but  follows  in  the  footsteps  of  the  early  investigators.  He  interprets 
parasites  attached  to  adjoining  mounds  and  parasites  attached  to  one  mound  as 
conjugation  forms.  The  theory  of  conjugation  as  advanced  by  him  may  be 
summed  up  in  a  few  words.  He  states  that  it  occurs  "within  the  infected  eryth- 
rocytes,"^ that  conjugation  "occurs  only  between  two  young  hyaline  forms  of  the 
Plasmodia,  indistinguishable  in  size  and  structure,""  that  it  "is  completed  during 
the  hyaline  stage  before  the  formation  of  pigment,"^  that  the  "process  occurs  in 
every  malarial  infection  in  which  quinine  has  not  been  given  early,"'  and  that  it 
is  "the  most  rational  explanation  of  latency  and  recurrence  in  malarial  disease."'* 
In  the  same  article  Craig  illustrates'"  two  young  parasites  side  by  side,  a  portion 
of  the  cytoplasm  of  one  parasite  overlying  a  portion  of  the  cytoplasm  of  the  other 
parasite.  In  referring  to  them  he  states:  "Protoplasmic  union  is  almost  complete, 
and  the  portions  in  apposition  are  beginning  to  be  absorbed."  He  also  pictures" 
two  young  parasites  encircling  one  corpuscular  mound,  interpreting  the  appear- 

^  Craig,  C.  F.,  Studies  in  the  morphology  of  malarial  plasmodia  after  the  ad- 
ministration of  quinine,  and  in  intracorpuscular  conjugation,  /.  Infect.  Dis.,  1910, 
vii,  285,  318. 

^  Craig,  Studies  in  the  morphology  of  malarial  plasmodia  after  the  adminis- 
tration of  quinine,  and  in  intracorpuscular  conjugation,  /.  Inject.  Dis.,  1910, 
vii,  300. 

'  Craig,  Studies  in  the  morphology  of  malarial  plasmodia  after  the  adminis- 
tration of  quinine,  and  in  intracorpuscular  conjugation,  J.  Infect.  Dis.,  1910, 
vii,  304. 

'  Craig,  Studies  in  the  morphology  of  malarial  plasmodia  after  the  adminis- 
tration of  quinine,  and  in  intracorpuscular  conjugation,  J.  Infect.  Dis.,  1910, 
vii,  309. 

'  Craig,  Studies  in  the  morphology  of  malarial  plasmodia  after  the  adminis- 
tration of  quinine,  and  in  intracorpuscular  conjugation,  /.  Infect.  Dis.,  1910, 
vii,  301. 

'"  Craig,  Studies  in  the  morphology  of  malarial  plasmodia  after  the  adminis- 
tration of  quinine,  and  in  intracorpuscular  conjugation,  /.  Infect.  Dis.,  1910, 
vii,  Fig.  5. 

"  Craig,  Studies  in  the  morphology  of  malarial  plasmodia  after  the  adminis- 
tration of  quinine,  and  in  intracorpuscular  conjugation,  /.  Infect.  Dis.,  1910, 
vii,  Fig.  7. 
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ance  as  "a  conjugation  form  in  which  the  two  chromatin  masses  are  distinct  and 
the  portions  of  protoplasm  in  apposition  have  become  absorbed,  resulting  in  the 
formation  of  a  large  ring-hke  body  with  two  chromatin  masses.'"^  In  his  dia- 
grammatic figures  Craig  advances  the  stages  in  his  conjugation  theory  by  bringing 
the  chromatin  masses  closer  and  closer  together  until  they  are  side  by  side.  He 
finally  pictures  a  large  ring-form  parasite  with  one  mass  of  chromatin,  which  he 
assumes  to  be  "a  form  resulting  after  conjugation  is  completed."'^ 

Premature  Division  of  Ike  Chromatin. 

In  the  adult  parasite  nuclear  division  seems  to  go  on  more  rapidly 
than  cytoplasmic,  and  it  may  be  completed  before  cell  division  takes 
place.  But  premature  division  of  the  chromatin  never  takes  place  in 
the  young  parasite. 

Certain  observers  have  described  what  they  beheved  to  be  a  precocious  divi- 
sion of  the  chromatin.  Ziemann'''  was  at  first  uncertain  whether  the  appearance 
was  due  to  two  fused  parasites  or  to  a  precocious  division  of  one  nucleus,  but 
finally  accepted  the  latter  hypothesis,  describing  "the  separation  of  one,  or  rarely 
two,  accessory  granules  from  the  original  mass  in  cells  infected  by  single  parasites. 
Sometimes  the  accessory  granule  was  much  smaller  than,  sometimes  nearly  as 
large  as,  the  main  granule."  .\nd  Ewing'^  goes  on  to  say:  "All  of  these  appear- 
ances I  have  seen  in  single  parasites,  less  often  in  single  members  of  conjugating 
pairs,  and  I  agree  with  Ziemann  as  to  their  significance."  Emin'^  gives  examples 
of  two  and  three  parasites  encircling  one  corpuscular  mound,  and  interprets  the 
condition  as  that  of  precocious  division  of  the  chromatin. 

\'ariation  in  the  size  of  the  chromatin  masses  of  young  parasites 
is  frequently  observed.  It  may  be  only  an  apparent  variation  in 
size,  or  a  breaking  up  of  the  chromatin  due  to  technique,  or  it  may 
be  a  normal  occurrence.     The  nuclei  of  young  parasites  may  appear 

'^  Craig,  Studies  in  the  morphology  of  malarial  plasmodia  after  the  adminis- 
tration of  quinine,  and  in  intracorpuscular  conjugation,  /.  Infect.  Dis.,  1<JI0, 
vii,  308. 

"  Craig,  Studies  in  the  morphology  of  malarial  plasmodia  after  the  adminis- 
tration of  quinine,  and  in  intracorpuscular  conjugation,  /.  Infect.  Dis.,  1910, 
vii,  318. 

"  Ziemann,  H.,  quoted  from  Ewing,  Malarial  parasitology,  J.  Exp.  Med., 
1900-01,  v,  479. 

'5  Ewing,  Malarial  parasitology-,  J.  Exp.  Med.,  19(K)-01,  v,  479. 

'"  Emin,  A.,  Une  variete  nouvelle  du  parasite  de  Laveran,  Bull.  Soc.  path, 
exot.,  1914,  vii,  385 ;  Figs.  3  to  5. 
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to  be  larger  in  certain  parts  of  a  film,  where  the  red  corpuscles  are 
thinly  spread,  than  they  do  in  the  thicker  portions.  This  appear- 
ance is  due  to  the  flattening  of  the  chromatin  mass  with  consequent 
enlargement.  Irregularity  in  the  size  and  distribution  of  chromatin 
masses  in  the  young  parasite  is  frequently  due  to  technique  while 
spreading  the  film  and  illustrates  how  easily  the  chromatin  may  be  sub- 
divided. Occasionally  young  parasites  in  varying  stages  of  develop- 
ment may  occupy  one  corpuscular  mound  (Figs.  2,  8,  9,  49,  62,  65, 
68  to  70,  112,  and  114  to  116).  In  these  instances  the  C3^toplasra  may 
vary  in  amount  and  the  chromatin  mass  in  size.  Where  several 
young  parasites  are  attached  to  a  corpuscle  the  same  variation  may 
be  seen  (Figs.  26,  73  to  75,  117,  and  118).  Variations  in  the  size  of 
young  parasites  are  to  be  expected  since  all  adult  parasites  do  not 
segment  at  once  in  any  malarial  infection. 

Multiple  Infeclion  of  Red  Corpuscles  with  Crescentic  Bodies. 

This  occurrence  (Figs.  77  to  105  and  131  to  140),  hke  multiple  in- 
fection by  young  parasites,  is  always  accidental.  It  has  no  signifi- 
cance other  than  the  fact  that,  if  several  instances  are  seen  in  one 
film,  a  severe  infection  is  indicated.  So  far  as  I  know,  there  have 
been  no  theories  advanced  to  explain  the  occurrence  of  more  than  one 
crescent  on  a  corpuscle.  I  have  seen  three  crescents  on  a  corpuscle 
(Fig.  100),  but  rarely.  Two  is  the  number  usually  seen  and  I  believe 
that  two  on  a  corpuscle  are  considered  a  rare  occurrence. 

There  is  apparently  very  little  literature  referring  to  two  crescents  on  a  cor- 
puscle. Marchiafava  and  Bignami'^  write:  "We  have  also  seen  two  crescents 
within  the  same  blood  corpuscle,  the  curved  portions  being  face  to  face."  Man- 
son"  figures  two  crescents  attached  to  the  one  corpuscle,  and  states:  "Very 
rarely  twin  or  double  crescents,  that  is  two  crescents  in  one  corpuscle — are  en- 
countered."    Cropper"  pictures  two  crescents  on  a  corpuscle. 

"  Marchiafava,  E.,  and  Bignatni,  A.,  Malaria,  in  Stedman,  T.  L.,  Twentieth 
century  practice.  New  York,  1900,  xix,  42. 

'*  Manson,  P.,  Tropical  diseases:  a  manual  of  the  diseases  of  warm  chmates, 
London,  Paris,  New  York,  and  Melbourne,  2nd  edition,  1900,  14. 

"  Cropper,  J.,  Phenomenal  abundance  of  parasites  in  a  fatal  case  of  pernicious 
malaria,  Lancet,  1908,  ii,  16. 
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In  my  experience,  one  of  the  rarest  occurrences  in  instances  of 
multiple  infection  of  red  corpuscles  is  the  presence  of  a  young  para- 
site and  a  crescent  (Figs.  76  and  130).  I  have  seen  but  three  ex- 
amples of  this. 

I  am  convinced  that  malarial  parasites  do  not  conjugate. 

Marchiafava  and  Bignami-"  state:  "Not  infrequently  several  young  parasites 
are  seen  in  the  same  red  corpuscle;  we  have  counted  up  to  six  or  seven,  and  when 

they  are  very  close  together  they  may  appear  to  be  intimately  adherent 

we  cannot  hold  it  to  have  been  conclusively  demonstrated  that  the  young  par.i- 
sites  collected  within  one  red  corpuscle  become  merged  together:  on  the  con- 
trarj',  they  foUow  their  own  development." 

Many  of  the  morphological  and  biological  phases  would  cease  to  be 
obscure  if  observers  realized  that  malarial  parasites  are  attached  to 
the  external  surface  of  red  corpuscles. 


1.  Multiple  infection  of  red  corpuscles  with  young  parasites  is 
seen  in  all  malarial  infections,  but  it  is  found  most  frequently  in  the 
cBstivo-autumnal  infections.  The  occurrence  is  accidental  and  has 
no  significance  other  than  that  if  the  instances  are  numerous  it  sug- 
gests a  heavy  infection. 

2.  In  instances  of  multiple  infection  the  young  parasites  may  be 
seen  to  be  attached:  (a)  each  encircling  its  own  corpuscular  mound, 
giving  the  typical  ring-form  picture,  or  (b)  two  or  more  encircling 
one  corpuscular  mound,  giving  the  appearance  of  a  single  ring  with 
two  or  more  masses  of  chromatin. 

3.  Certain  hypotheses  as  to  the  conjugation  of  malarial  parasites 
have  been  formulated  by  observers  to  explain  various  instances  of 
multiple  infection.  I  do  not  believe  that  conjugation  ever  occurs. 
I  believe  that  these  hypotheses  resulted  from  observation  of  certain 
appearances  presented  by  the  attached  parasites,  as  when  they  are 
attached  so  closely  together  that  they  may  appear  to  be  adherent, 
or  when  two  or  more  are  attached  to  one  corpuscular  mound,  giving 

-"  Marchiafava  and  Bignami,  Malaria,  in  Stedman,  Twentieth  century  practice. 
New  York.  1900,  xix,  46. 
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the  appearance  of  a  single  parasite  with  more  than  one  mass   of 
chromatin. 

4.  Certain  appearances  have  also  been  described  as  a  precocious 
division  of  the  chromatin  masses  of  young  parasites.  In  these  in- 
stances the  chromatin  granules  were  usually  described  as  varying  in 
size.  Such  an  appearance  may  be  explained  as  follows:  (a)  two 
young  parasites  in  varying  stages  of  development  may  encircle  one 
corpuscular  mound,  the  cytoplasm  of  one  parasite  being  superim- 
posed over  that  of  the  other  par9.site,  giving  a  picture  of  a  single 
ring  with  two  unequal  masses  of  chromatin;  or  (b)  the  variation  in 
the  size  and  number  of  the  chromatin  masses  may  be  the  result  of 
traumatism,  as  the  nuclei  of  young  parasites  are  rather  easily 
broken  up. 

5.  Multiple  infection  of  red  corpuscles  with  crescentic  bodies  is 
considered  rather  a  rare  occurrence.  It  is  always  accidental,  and  if 
the  instances  are  numerous  it  means  a  severe  infection. 

6.  When  one  accepts  the  fact  that  all  malarial  parasites  are  at- 
tached to  the  external  surface  of  the  red  corpuscles,  the  biological 
and  morphological  characteristics  of  the  parasites  cease  to  be  obscure. 

r.XPLANATION  OF  PLATES. 
Plate  36. 

.fiSTIVO- AUTUMNAL   PARASITES    (tERTUN  PARASITES,    FIG.    35). 

Magnification,  X  1,840.' 

Fig.  1.  Two  very  young  parasites  encircling  one  surface  hemoglobin  mound. 
The  cytoplasm  of  one  parasite  superimposed  over  that  of  the  other  parasite  gives 
the  appearance  of  a  single  ring  with  two  chromatin  masses.  One  chromatin 
mass  extends  beyond  the  periphery  of  the  corpuscle. 

Fig.  2.  Examples  of  two  young  parasites  encircling  one  surface  hemoglobin 
mound.     The  chromatin  masses  of  these  parasites  vary  in  size. 

Fig.  3.     Two  young  parasites  encircling  a  peripheral  hemoglobin  mound. 

Fig.  4.  Three  young  parasites  are  attached  to  this  corpuscle;  two  of  them 
encircle  one  surface  hemoglobin  mound  at  x.     Pigment  granules  are  seen  at  o. 

Fig.  5.  Two  young  parasites  attached  to  one  surface  hemoglobin  mound. 
The  nuclei  of  these  parasites  are  shaped  to  the  mound. 

Fig.  6.  Three  young  parasites  encircling  one  surface  hemoglobin  mound.  The 
parasite  at  x  appears  to  be  more  advanced  in  development  than  the  other  two. 

Fig.  7.     Three  young  parasites  encircling  one  decolorized  hemoglobin  mound'. 
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Fig.  8.  Four  young  parasites  encircling  one  surface  hemoglobin  nwund.  The 
chromatin  masses  vary  in  size.     This  figure  corresponds  to  Fig.  112. 

Fig.  9.  Four  young  parasites  encircling  one  surface  hemoglobin  mound.  The 
chromatin  masses  vary  in  size. 

Fig.  10.  Five  young  parasites  are  attached  to  this  corpuscle;  four  of  them  en- 
circle one  surface  hemoglobin  mound.  A  pigment  granule  may  be  seen  at  o. 
This  figure  corresponds  to  Fig.  113. 

Figs.  11  to  15.  These  parasites  have  developed  a  thickening  of  one  segment. 
They  encircle,  in  various  positions,  adjacent  hemoglobin  mounds.  They  are  at- 
tached so  closely  together  that  a  portion  of  the  cytoplasm  of  one  parasite  is  over- 
lying a  portion  of  the  cytoplasm  of  the  parasite  attached  to  the  adjacent  mound 
(corresponding  to  Mannaberg's  conjugation  forms).  Figs.  11,  13,  and  14  show 
decolorized  hemoglobin  mounds  in  connection  with  but  one  of  the  two  parasites, 
suggesting  that  one  of  these  parasites  attached  itself  to  the  red  corpuscle  before 
the  other  parasite  did.  Pigment  granules  may  be  seen  at  o.  Fig.  12  corresponds 
to  Fig.  120. 

Fig.  16.  Two  young  parasites  encircling  one  peripheral  hemoglobin  mound. 
The  ape.x  of  the  mound  is  not  yet  decolorized. 

Figs.  17  to  19.  Young  parasites  are  shown  encircling  adjacent  decolorized 
hemoglobin  mounds.  In  Fig.  17  a  pigment  granule  in  connection  with  one  para- 
site may  be  seen  at  O. 

Fig.  20.  At  x  two  young  parasites  encircle  one  hemoglobin  mound,  and  at  o 
the  two  young  parasites  are  attached  to  adjacent  mounds,  a  portion  of  the  cyto- 
plasm of  one  overlying  a  portion  of  the  cytoplasm  of  the  other  parasite. 

Figs.  21  to  23.  Young  parasites  attached  to  adjacent  dehemoglobinized  cor- 
puscular mounds.  In  Fig.  21  pigment  granules  may  be  seen  at  0.  Fig.  23 
shows  two  parasites  encircling  one  of  the  decolorized  mounds.  The  two  parasites 
in  Fig.  22  appear  to  be  in  a  similar  stage  of  development  to  those  seen  in  Fig. 
21,  and  to  have  done  as  much  damage  to  the  infected  corpuscle,  yet  pigment 
granules  are  seen  only  in  connection  with  the  parasites  in  Fig.  21.  These  figures 
correspond  to  Figs.  121,  119,  and  122. 

Fig.  24.  Four  parasites  are  attached  to  this  corpuscle.  There  are  two  decol- 
orized hemoglobin  mounds,  each  encircled  by  two  parasites. 

Fig.  25.  Five  parasites  are  attached  to  the  corpuscle,  two  of  them  to  the 
peripheral  mound  at  x.     Note  the  variation  in  size  of  the  chromatin  masses. 

Fig.  26.  Five  parasites  are  attached  to  the  corpuscle.  Note  the  variation  in 
the  development  of  these  parasites. 

Fig.  27.  Six  parasites  are  attached  to  the  corpuscle,  two  to  each  hemoglobin 
mound.  Two  of  the  mounds  are  decolorized;  the  parasites  attached  to  the  third 
and  central  mound  have  attached  themselves  more  recently  than  the  other  para 
sites.     This  figure  corresponds  to  Fig.  124. 

Fig.  28.  Six  parasites  are  attached  to  the  corpuscle,  two  to  each  hemoglobin 
mound.     These  mounds  are  all  decolorized  and  a  pigment  granule  is  seen  at  o. 
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Fig.  29.  Seven  parasites  are  attached  to  the  corpuscle,  two  to  each  decolor- 
ized mound  and  one  to  the  mound  which  has  not  yet  been  decolorized.  This 
figure  corresponds  to  Fig.  125. 

Fig.  30.  Four  parasites  are  attached  to  the  corpuscle,  two  to  one  mound,  and 
two  to  separate  and  adjacent  mounds.     This  figure  corresponds  to  Fig.  123. 

Figs.  31  to  35.  Examples  of  two  parasites  attached  to  one  surface  hemoglobin 
mound.  These  parasites  give  the  appearance  of  developing  crescents  much  more 
than  do  the  parasites  attached  to  adjoining  mounds;  but  they  are  only  accident- 
ally so  attached,  and  not  conjugating.  Fig.  35  was  taken  from  a  tertian  infection. 
Note  the  relatively  larger  size  of  the  chromatin  masses  of  the  tertian  parasites. 
Three  free  parasites  may  be  seen  in  Fig.  34.  Figs.  32  and  34  correspond  to  Figs. 
126  and  127. 

Plate  37. 

^strvo-autumnal  parasites. 

Magnification,  X  1,840. 

Fig.  36.  Two  young  parasites  freed  from  a  corpuscle  which  (hey  have  de- 
stroyed. This  conclusion  was  reached  because  of  the  size  of  the  parasites  and 
the  presence  of  a  pigment  granule  at  o. 

Ftgs.  37  and  38.  Examples  of  young  parasites  encircling  peripheral  hemoglo- 
bin mounds.     The  parasites  in  Fig.  38  are  older  than  those  in  Fig.  37. 

Fig.  39.  Two  parasites  encircling  with  their  pseudopodia  a  peripheral  hemo- 
globin mound.  These  parasites  are  larger  than  those  seen  in  Figs.  37  and  38. 
Pigment  granules  may  be  seen  at  o.    This  figure  corresponds  to  Fig  107. 

Fig.  40.  Three  very  young  parasites  encircling  one  large  peripheral  hemoglo- 
bin mound.  A  pigment  granule  may  be  seen  at  o.  This  is  one  of  the  largest 
peripheral  mounds  that  I  have  seen.     This  figure  corresponds  to  Fig   108. 

Fig.  41.  At  o  two  young  parasites  encircle  a  peripheral  hemoglobin  mound, 
while  at  x  two  parasites,  in  a  later  stage  of  development,  encircle  one  surface 
hemoglobin  mound.     This  figure  corresponds,  to  Fig.  106. 

Figs.  42  to  46.  Examples  of  two  parasites  attached  to  one  surface  hemoglobin 
mound.  These  parasites  have  developed  a  thickening  of  one  segment.  A  pig- 
ment granule  is  seen  in  connection  with  one  of  the  parasites  in  Fig.  46.  In  Figs. 
42  and  43  the  parasites  have  destroyed  the  corpuscle  to  which  they  were  at- 
tached and  are  free  in  the  position  they  occupied  when  attached  to  the  corpuscle. 

Fig.  47.  There  are  four  parasites  attached  to  this  corpuscle;  three  to  one 
mound,  and  one  to  an  adjoining  mound.  Note  the  small  size  of  one  of  the  chro- 
matin masses.    A  pigment  granule  is  seen  at  o. 

Fig.  48.  Two  parasites  encircling  one  surface  hemoglobin  mound.  A  pig- 
ment granule  is  seen  at  o.     This  figure  corresponds  to  Fig.  109. 

Fig.  49.  Three  parasites  attached  to  one  surface  hemoglobin  mound.  Note 
the  variation  in  the  size  of  the  chromatin  masses. 

Fig.  50.     Two  parasites  encircling  one  hemoglobin  mound;  the  body  of  one  of 
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the  parasites  rests  on  the  periphery  of  the  corpuscle.     A  pigment  granule  is  seen 
at  o. 

Figs.  51  and  52.  Examples  of  young  parasites  encircHng  one  surface  hemo- 
globin mound.  These  parasites  are  in  similar  stages  of  development;  the  hemo- 
globin mound  is  larger  in  Fig.  52  than  in  Fig.  51. 

Figs.  53  and  54.  Examples  of  two  parasites  in  varying  stages  of  development 
attached  to  one  surface  hemoglobin  mound.     Fig.  53  corresponds  to  Fig.  110. 

Figs.  55  to  61.  Examples  of  two  parasites  encircHng,  in  various  positions  in 
relation  to  each  other,  one  surface  hemoglobin  mound.  Fig.  59  shows  four  para- 
sites, two  attached  to  each  surface  hemoglobin  mound.  ■  Figs.  55  and  56  corre- 
spond to  Figs.  128  and  129. 

Figs.  62  to  67.  Examples  of  three  parasites  encircling  one  hemoglobin  mound. 
Note  the  variation  in  the  size  of  the  chromatin  masses  in  Figs.  62  and  65.  In 
Fig.  65  the  hemoglobin  mound  to  which  the  parasites  are  attached  is  easily  seen 
at  the  periphery  of  the  corpuscle.     Fig.  64  corresponds  to  Fig.  111. 

Figs.  68  and  69.  Examples  of  four  parasites  encircling  one  surface  hemoglobin 
mound.  Note  the  variation  in  size  of  the  chromatin  masses.  These  figures  cor- 
respond to  Figs.  114  and  115. 

Fig.  70.  Five  young  parasites  encircling  one  surface  hemoglobin  mound. 
There  is  quite  a  variation  in  the  size  of  the  chromatin  masses.  This  figure  cor- 
responds to  Fig.  116. 

PlJ\TE  38. 

^STTVO-AUTUMNAL  PARASITES. 

Magnification,   X   1,840. 

Figs.  71  to  75.  Instances  of  multiple  infection  of  red  corpuscles  by  young 
parasites  (four  to  seven).  Each  chromatin  mass  corresponds  to  one  or  two  para- 
sites. In  Fig.  71  the  parasites  are  very  young  and  have  attached  themselves  to 
the  periphery  of  the  corpuscle,  two  at  the  top,  two  at  the  right,  and  two  at  the 
left.  Fig.  72  shows  four  parasites.  Fig.  73,  seven  parasites,  and  Figs.  74  and  75, 
five  parasites.  In  Figs.  72  to  75  note  the  variation  in  size  of  the  chromatin  masses. 
Figs.  73  and  74  correspond  to  Figs.  118  and  117. 

Fig.  76.  A  crescent  and  a  young  parasite  attached  to  the  same  red  corpuscle. 
This  figure  corresponds  to  Fig.  130. 

Figs.  77  to  98  and  101  to  105.  Examples  of  two  crescents  attached  to  one  red 
corpuscle.  In  Figs.  83,  86  to  88,  90  to  93,  96,  and  101,  the  mounds  of  hemoglobin 
substance  to  which  the  crescents  have  attached  themselves  are  well  shown.  In 
Fig.  93  the  hemoglobin  mounds  have  been  dehemoglobinized  by  the  parasites. 
In  Fig.  94  a  pseudopodium  arising  from  the  cytoplasm  of  the  parasite  is  shown  in 
the  form  of  a  large  loop. 

Figs.  81,  82,  83,  84,  86,  87,  88,  90,  101,  and  105  correspond  to  Figs.  135,  137, 
136,  138,  1.S3,  132,  131,  134,  139,'and  140. 

Fig.  99.  This  figure  may  be  variously  interpreted.  It  may  be  two  contracted 
crescents,  it  mav  be  a  crescent  twisted  on  itself,  or  it  may  be  a  segmenting  crescent. 


760  MULTIPLE    INFECTION    OF    RED    CORPUSCLES 

Fig.  100.  Three  crescents  attached  to  one  corpuscle.  This  showed  better  in 
the  stained  specimen  than  it  does  in  the  photograph. 

Plate  39. 
«stivo-autumnal  parasites. 

Magnification,  X  1,840. 

Fig.  106.  Four  young  sestivo-autumnal  parasites  attached  to  a  corpuscle;  two 
encircle  a  peripheral  hemoglobin  mound,  and  two,  in  a  more  advanced  stage  of 
development,  encircle  a  surface  hemoglobin  mound.  This  figure  corresponds  to 
Fig.  41. 

Fig.  107.  Two  young  Kstivo-autumnal  parasites,  with  abundant  cytoplasm, 
encircling  a  peripheral  hemoglobin  mound.  Two  pigment  granules  are  seen  in 
connection  with  one  of  the  parasites.     This  figure  corresponds  to  Fig.  39. 

Fig.  108.  Three  very  small  sstivo-autumnal  parasites  encircling  a  very  large 
peripheral  hemoglobin  mound.     This  figure  corresponds  to  Fig.  40. 

Fig.  109.  Two  young  aestivo-autumnal  parasites,  in  similar  stages  of  develop- 
ment, encircling  one  surface  hemoglobin  mound.  A  pigment  granule  is  seen  in 
connection  with  one  of  the  parasites.  It  is  easily  seen  that  these  are  individual 
parasites.     This  figure  corresponds  to  Fig.  48. 

Fig.  110.  Two  young  aestivo-autumnal  parasites,  in  varying  stages  of  develop- 
ment, encircling  one  surface  hemoglobin  mound.  This  figure  corresponds  to  Fig. 
53. 

Fig.  hi.  Three  young  aestivo-autumnal  parasites,  in  similar  stages  of  devel- 
opment, encircling  one  surface  hemoglobin  mound.  This  figure  corresponds  to 
Fig.  64. 

Fig.  112.  Four  very  young  aestivo-autumnal  parasites  encircling  one  surface 
hemoglobin  mound.  Note  the  variation  in  size  of  the  chromatin  masses.  This 
figure  corresponds  to  Fig.  8. 

Fig.  113.  Five  parasites  are  attached  to  this  corpuscle.  Four  of  them  encircle 
one  surface  hemoglobin  mound;  a  pigment  granule  is  seen  in  connection  with  one 
of  these.     This  figure  corresponds  to  Fig.  10. 

Fig.  1 14.  Four  young  a;stivo-autumnal  parasi,tes  encirchng  one  surface  hemo- 
globin mound.  These  parasites  are  in  varying  stages  of  development.  Note  the 
variation  in  size  of  the  chromatin  masses.     This  figure  corresponds  to  Fig.  68. 

Fig.  115.  Four  young  aestivo-autumnal  parasites,  in  varying  stages  of  develop- 
ment, encircling  one  surface  hemoglobin  mound.  One  of  the  chromatin  masses 
is  slightly  smaller  than  the  others.     This  figure  corresponds  to  Fig.  69. 

Fig.  116.  Five  young  aestivo-autumnal  parasites,  in  varying  stages  of  develop- 
ment, attached  to  one  surface  hemoglobin  mound.  Note  that  one  of  the  chro- 
matin masses  is  distorted.     This  figure  corresponds  to  Fig.  70. 

Fig.  117.  Five  young  aestivo-autumnal  parasites  attached  to  surface  hemo- 
globin mounds.  Note  that  these  parasites  are  not  all  in  similar  stages  of  develop- 
ment.   This  figure  corresponds  to  Fig.  74. 
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Fig.  118.  Seven  young  ajstivo-autumnal  parasites  attached  to  surface  hemo- 
globin mounds.  Note  the  small  size  of  one  of  these  parasites.  This  figure  corre- 
sponds to  Fig.  73. 

Fig.  119.  Two  young  aestivo-autumnal  parasites  attached  to  adjacent  decol- 
orized hemoglobin  mounds.     This  figure  corresponds  to  Fig.  22. 

Fig.  120.  Two  young  aestivo-autumnal  parasites  encircling  two  decolorized 
hemoglobin  mounds.  A  granule  of  pigment  may  be  seen  in  connection  with  one 
of  these  parasites.  A  portion  of  the  cj'toplasm  of  one  parasite  is  seen  to  overlie 
a  portion  of  the  cytoplasm  of  the  parasite  attached  to  the  adjacent  hemoglobin 
mound.     This  figure  corresponds  to  Fig.  12. 

Fig.  121.  Two  young  sstivo-autumnal  parasites  attached  to  adjoining  hemo- 
globin mounds.  The  mounds  are  decolorized  and  a  pigment  granule  is  seen  in 
connection  with  each  parasite.     This  figure  corresponds  to  Fig.  21. 

Fig.  122.  Three  young  aestivo-autumnal  parasites  are  attached  to  this  cor- 
puscle. Two  encircle  the  decolorized  hemoglobin  mound  at  the  right  (a  pigment 
granule  is  seen  in  connection  with  them),  and  one  encircles  the  decolorized  mound 
at  the  left.     This  figure  corresponds  to  Fig.  23. 

Fig.  123.  Four  young  aestivo-autumnal  parasites  areattached  to  this  corpuscle. 
Two  of  them  encircle  one  decolorized  hemoglobin  mound.  This  figure  corre- 
sponds to  Fig.  30. 

Fig.  124.  Six  \-oung  cestivo-autumnal  parasites  are  attached  to  this  corpuscle, 
two  attached  to  each  hemoglobin  mound.  Two  of  the  hemoglobin  mounds  have 
been  decolorized  by  the  action  of  the  parasites.  This  figure  corresponds  to  Fig. 
27. 

Fig.  125.  Sevenyoungasstivo-autumnalparasitesareattached  to  this  corpuscle. 
Two  parasites  encircle  each  of  the  three  decolorized  hemoglobin  mounds;  pigment 
granules  are  seen  in  connection  with  these  parasites.  This  figure  corresponds  to 
Fig.  29. 

Fig.  1 26.  Two  young  Kstivo-autumnal  parasites  attached  to  one  surface  hemo- 
globin mound.     This  figure  corresponds  to  Fig.  32. 

Fig.  127.  Two  young  aestivo-autumnal  parasites  attached  to  one  surface  hemo- 
globin mound.  To  the  right  may  be  seen  three  young  parasites  free.  This  figure 
corresponds  to  Fig.  34. 

Figs.  128  and  129.  Examples  of  two  young  jestivo-autumnal  parasites  at- 
tached to  one  surface  hemoglobin  mound.  One  of  the  two  parasites  in  Fig.  129 
rests  on  the  periphery  of  the  corpuscle.  These  figures  correspond  to  Figs.  55 
and  56. 

Fig.  130.  A  young  aestivo-autumnal  parasite  and  a  crescent  attached  to  the 
same  red  corpuscle.     This  figure  corresponds  to  Fig.  76. 

Figs.  131  to  140.  Examples  of  two  crescents  on  one  corpuscle.  In  Figs.  131 
to  136  and  139,  the  mounds  of  hemoglobin  substance  to  which  thecrescents  are 
attached  are  well  shown.  These  figures  correspond  to  Figs.  88,  87,  86,  90,  81, 
83,  82,  84.  101.  and  105. 
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culating together  in  large 
amounts  (Rous  and  Rob- 
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source  of  contagion   (Valen- 
tine) 27 
Compensation : 
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Corpuscle : 

Blood,  red.     Sec  Erythrocyte. 
Crescentic  bodies: 

^^istivo-autumnal,  extracellular 

relation     to     red     corpuscle 

(Lawson)  739 

— ,   method   of  attachment   to 

red  corpuscle  (Lawson) 

73',' 
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Globoid  bodies  of  poliomyelitis 
(Smillie)  319 

Leptospira  (S  pirocheBta)  ictero- 
hwmorrhagia  (Noguchi) 

593 

Vaccine    virus,    pure,    in   vivo 

(Noguchi)  425 

D 

Disease : 

Serum,  relation  of  circulating 
antibodies  (Longcope  and 
Rackemann)  341 

Weil's,  distribution  of  Spiro- 
chceta  icterohcemorrhagicR  in 
organs  after  intravenous  se- 
rum treatment  (Kaneko  and 
Okuda)  305 

— ,  intravenous  serotherapy 
(Inada,  Ido,  Hoki,  Ito,  and 
Wani)  283 

Duodenum : 

Transplantation  of  a  ureter 
into  (Goto)  449 


Elimination : 

Iron,    in    anemia    (Dubin    and 
Pearce)  479 

EmboUsm : 

Fat,   low   blood   pressures   (Si- 
monds)  739 

Erythrocyte : 

^stivo-autumnal  malaria,  ex- 
tracellular   relation    of   cres- 
centic bodies  to  (Lawson) 
7.S9 
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Erythrocyte — continued: 

.Est  i  vo-aut  umnal  parasites,  mul- 
tiple infection  of  erythrocyte 
by  (Lawson)  749 

Nucleated,  in  peripheral  blood 
(Drinker,  Drinker,  and 
Kreutzmann)  249,  383 

Exercise : 

Nucleated  red  blood  corpuscles, 
influence  of  exercise  on  ap- 
pearance in  peripheral  blood 
(Drinker,  Drinker,  and 
Kreutzmann)  249 

F 

Fat: 

Embolism,  low  blood  pressures 
(SiMONDS)  539 

Ferment: 

Skin    (Sexsmith    and    Peter- 
sen) 273 
Fibrillation : 

Auricular,  blood  pressure  stud- 
ied by  method  of  Gaertner 
(CoHN  and  Lundsgaard) 

487 
— ,    peripheral    blood    pressure 
(CoHN  and  Lundsgaard) 

505 
Flora: 

Spirochetal,  of  normal  male 
genitalia  (Noguchi)  667 

Formation : 

Blood-forming  organs,  influ- 
ence of  increased  blood  flow 
through,  on  appearance  of 
nucleated  red  blood  cor- 
puscles in  peripheral  blood 
(Drinker,  Drinker,  and 
Kreutzmann),  249,  383 

G 

Gaertner : 

Method,  blood  pressure  studied 
bv  (Cohn  and  Lundsgaard) 
487 
Genitalia: 

Spirochetal  flora  of  normal 
male  (Noguchi)  667 


Globoid  bodies : 

Poliomvelitic,  cultivation  (Smil- 
lie)  ■  319 

Glycosuria : 

Pancreas  painted  with  adre- 
nalin, effect  upon  (Kleiner 
and  Meltzer)  647 

H 

Hemagglutinin : 

Transfused     rabbits,     aggluti- 
nogen and  hemagglutinin  in 
blood    (Rous    and    Robert- 
son) 509 
Hemolytic : 

Streptococci,    effect    of    injec- 
tions on  susceptible  and  in- 
susceptible    animals     (Hop- 
kins and  Parker)  1 
Hemorrhage : 

Nucleated  red  blood  corpuscles, 
influence  of  hemorrhage  on 
appearance  in  peripheral 
blood  (Drinker,  Drinker, 
and  Kreutzmann)  383 

Host: 

Intermediary,  of  Lcplospira 
{ SpirocJi(Bla )  iderohcem  or- 

rhagice  (NoGUCHi)  609 

Hyperglycemia : 

Morphine,    in    pancreatic    de- 
ficiency (Auer  and  Kleiner) 
49 
Pancreas    painted    with    adre- 
nalin, effect  upon  (Kleiner 
and  Meltzer)  647 

H3rpochlorite : 

Solutions,  behavior  of,  in  con- 
tact with  necrotic  tissues  in 
vivo  (Austin  and  Taylor) 

627 

— ,  —  — ,   —  —  —   normal 

tissues  in  vivo    (Austin   and 

Taylor)  627 

I 

Icterohaemorrhagiae : 

Leptospira,  cultivation  (No- 
guchi) 593 
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Icterohaemorrhagiae — continued: 

Leptospira,  morphology  (Nogu- 
CHi)  575 

— ,  nomenclature  (NoGUCHi) 

575 

— ,    survival    in    nature    (No- 

GUCHl)  609 

Spirochceta.        See    also    Ictero- 

hcBniorrhagia,  Leptospira. 
— ,  cultivation  (Noguchi) 

593 
— ,  distribution  in  organs  after 
intravenous  serum  treatment 
(Kaneko  and  Okuda) 

305 
— ,  morphology  (Noguchi) 

575 
— ,  nomenclature  (Noguchi) 

575 
— ,    survival    in    nature    (No- 
guchi) 609 
Immunity: 

Intestinal  obstruction  (Drag- 
STEDT  and  Moorhead) 

359 
In  vivo : 

Necrotic    tissues,    behavior    of 
chloramine-T     solutions     in 
contact    with    (Austin    and 
Taylor)  627 
, hypochlorite  solu- 
tions in  contact  with  (Aus- 
tin and  Taylor)  627 
Normal    tissues,    behavior    of 
chloramine-T     solutions     in 
contact   with    (Austin    and 
Taylor)  627 
, hypochlorite  solu- 
tions      in       contact       with 
(Austin  and  Taylor) 

627 
Vaccine    virus,    pure,    cultiva- 
tion (Noguchi)  425 
Infection : 

.■Estivo-autumnal  parasites, 
multiple  infection  of  red  cor- 
puscles (Lawson)  749 


Infusion : 

Nucleated  red  blood  corpuscles, 
influence  of  infusion  on  ap- 
pearance in  peripheral  blood 
(Drinker,  Drinker,  and 
Kreutzmann)  383 

Intestine : 

Obstruction,  immunity  (Drag- 
stedt  and  Moorhead) 

359 
Intoxication : 

Mercuric  chloride,  acute  (Mac- 
Nider)  519 

Iron: 

Elimination  in  anemia  (Dubin 

and  Pearce)  479 

Liver  and  spleen,  distribution 

in,   in   anemia    (Dubin    and 

Pearce)  479 

K 

Kidney: 

Injury  in  acute  mercuric  chlor- 
ide intoxications  (Mac- 
Nider)  519 

L 
Leptospira : 

icterohmmorrhagia.        See      also 
SpirocJuBla  icterohcBtnorrhagia. 
— ,  cultivation  (Noguchi) 

593 
— ,  morphology  (Noguchi) 

575 
— ,  nomenclature  (Noguchi) 

575 
— ,    survival    in    nature    (No- 
guchi) 609 
Liver: 

Iron,  distribution  of,  in  anemia 
(Dubin  and  Pearce) 

479 
Localization : 

Streptococcus     viridans      (Det- 
WEiLER  and  Maitland)    37 
Lungs : 

Volume  (Garvin,  Lunds- 
gaard,  and  Van  Slyke) 

87,  129 
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Lungs — contimied: 

\'olume  (LuNDSGAARD  and  Van 
Slyke)  65 

—  in  tuberculous  men  (Gar- 
vin, LuNDSGAARD,  and  Van 
Slyke)  87 

—  —  —  women  (Garvin, 
Luxdsgaard,  and  Van 
Slyke)  129 

— ,  relation  between  thorax 
size  and,  in  normal  adults 
(LuNDSGAARD  and  Van 
Slyke)  65 

M 

Malaria: 

.^i^stivo-autumnal  (Lawson) 

739 
Male: 

Genitalia,  normal,  spirochetal' 
flora  of  (Noguchi)  667 

Mercury: 

Chloride  of,  acute  intoxications 
(MacNider)  519 

Metabolism : 

Nitrogen,  after  transplantation 
of    a    ureter    into    the    duo- 
denum (Goto)  449 
Method : 

Gaertner's,       blood       pressure 

studied      by      (Cohn      and 

Lundsgaard)  487 

Intravenous  injection  of  guinea 

pigs  (Rous)  459 

Microchemical : 

Reactions,  Leptospira  (Spiro- 
chata)  icterohczmorrhagia 

(Noguchi)  609 

Mitochondria : 

Poliomvelitis  (McCann) 

31 
Morphine : 

Hyperglycemia  in  pancreatic 
deficiency  (Auer  and 
Kleiner)  49 

Morphology : 

Leptospira  {Spirochmla)  icterohce- 
morrhagicE  (Noguchi)        575 


Morphology — continued: 

Tissues,     changes    caused     by 

reduced  oxidation   (Martin, 

Loevenhart,  and  Bunting) 

399 

N 

Necrosis : 

Tissue,  necrotic,  behavior  of 
chloramine-T  solutions  in 
contact  with  (Austin  and 
Taylor)  627 

— ,  — , hypochlorite   so- 
lutions in  contact  with  (Aus- 
tin and  Taylor)  627 
— ,  — ,  solvent  action  of  anti- 
septics (Taylor  and  Austin) 
155 
Nephritis : 

Experimental  acute  (Goto) 

413 
Nerve: 

Section,  influence  on  appear- 
ance of  nucleated  red  blood 
corpuscles  in  peripheral  blood 
(Drinker,  Drinker,  and 
Kreutzmann)  249 

Nitrogen : 

Metabolism   after  transplanta- 
tion of  a  ureter  into  the  duo- 
denum (Goto)  449 
Retention       in      experimental 
acute  nephritis  (Goto)     413 
Nomenclature : 

Leptospira     (SpirochcEta)    idero- 
hamorrhagim  (Noguchi)    575 
Nucleus : 

Red  blood  corpuscles,  nucle- 
ated, in  peripheral  blood 
(Drinker,  Drinker,  and 
Kreutzmann)  249,  383 


O 


Obstruction : 

Intestinal,    immunity    (Drag- 
STEDT  and  Moorhead) 

359 
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Operation : 

Abdominal  aorta  (Goodman) 
569 
Organ: 

Blood-forming,  influence  of  in- 
creased blood  flow  through, 
on  appearance   of   nucleated 
red  blood   corpuscles  in  pe- 
ripheral    blood      (Drinker, 
Drinker,  and  Kreutzmann) 
249,  383 
Spvochala       icterohamorrhagia, 
distribution  in  organs  after 
intravenous      serum      treat- 
ment (Kaneko  and  Okuda) 
305 
Organic : 

Compounds,  antiseptic  proper- 
ties (Kligler)  463 
Oxidation : 

Morphological  changes  in  tis- 
sues caused  by  reduced 
(Martin,  Loevenhart,  and 
Bunting)  399 

Oxygen : 

Unsaturation  in  venous  blood 
of  patients  with  circulatory 
disturbances  (Lundsgaard) 
179 
compen- 
sated circulatory  disturb- 
ances (Lundsgaard)         199 

incompen- 

sated      circulatory     disturb- 
ances (Lundsgaard) 

219 
Venous  blood  (Lundsgaard) 
179,  199,  219 


Pancreas : 

Deficiency,  morphine  hyper- 
glycemia in  (Auer  and 
Kleiner)  49 

Glycosuria,  effect  of  painting 
pancreas  with  adrenalin 
(Kleiner  and  Meltzer) 

647 


Pancreas — continued: 

Hyperglycemia,  effect  of  paint- 
ing pancreas  with  adrenalin 
(Kleiner  and  Meltzer) 

647 
Parasite : 

-■Estivo-autumnal  (Lawson) 

749 
Peptone : 

Shock,     low     blood     pressures 

(SiMONDS)  539 

Physiology : 

Stimulation,  physiological,  of 
choroid  plexus,  and  polio- 
myelitis (Flexner,  Amoss, 
and  Eberson)  679 

Plexus : 

Choroid,  physiological  stimula- 
tion, and  poliomyelitis 
(Flexner,  Amoss,  and 
Eberson)  679 

Pneumonia : 

Lobar,  common  colds  as  source 
of    contagion    for    (Valen- 
tine) 27 
Poliomyelitis : 

Choroid    plexus,    physiological 

stimulation  (Flexner, 

Amoss,  and  Eberson)      679 

Globoid      bodies,      cultivation 

(Smillie)  319 

Mitochondria  (McCann) 

31 
Virus,       survival       in       brain 
(Amoss)  443 

Pressure : 

Blood,  by  method  of  Gaertner 
(CoHN  and  Lundsgaard) 

487 
— ,  low,  of  anaphylactic  shock 

(SiMONDS)  539 

— ,  — ,  —   fat   embolism  (Si- 

MONDS)  539 

— ,  — ,  —  peptone  shock  (Si- 

MONDS)  539 
— ,    peripheral,     in     auricular 

fibrillation        (Cohn  and 

Lundsgaard)  505 
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Protection : 

Sodium  bicarbonate,  in  experi- 
nephritis 


mental        acute 
(Goto) 


413 


Reaction : 

Microchemical,  Leptospira 

{SpirochcBta)  icterohwmor- 

rltagicB  (NoGUCHi) 

609 
Reduction : 

Oxidation,  morphological 

changes  in  tissue  caused  by 

(Martin,  Loevenhart,  and 

Bunting)  399 

Retention : 

Chloride,  in  experimental  acute 

nephritis  (Goto)  413 

Nitrogen,  in  experimental  acute 

nephritis  (Goto)  413 

S 
Section : 

Nerve,  influence  on  appear- 
ance of  nucleated  red  blood 
corpuscles  in  peripheral 
blood  (Drinker,  Drinker, 
and  Kreutzmann)  249 

Serotherapy : 

Intravenous,  Weil's  disease 
(Inada,  Ido,  Hoki,  Ito,  and 
Wani)  283 

Serum : 

Normal,  autodigestion  through 
the  action  of  chemical  agents 
(Yamakawa)  689,  711 

Poliomyelitic,  Rosenow's,  ther- 
apeutic experiments  with 
(Amoss  and  Eberson) 

309 

Therapy,  intravenous,  Weil's 
disease  (Inada,  Ido,  Hoki, 
Ito,  and  Wani)  283 

Treatment,    intravenous,    dis- 
tribution   of    SpirochcBta    ic- 
tcrohcemorrhagia      in      organs 
after  (Kaneko  and  Okuda) 
305 


Serum  disease : 

See  Disease. 
Shock: 

Anaphylactic,  low  blood  pres- 
sures (SiMONDS)  539 

Peptone,  low  blood  pressures 
(SiMONDS)  539 

Surgical,  relation  of  low  blood 
pressures  of  anaphylactic  and 
peptone  shock  and   fat  em- 
bolism (SiMONDS)  539 
Skin: 

Ferments  (Sexsmith  and  Pe- 
tersen) 273 
Sodium : 

Bicarbonate,  protection  in  ex- 
perimental acute  nephritis 
(Goto)  413 

Solution : 

Chloramine-T,  behavior  of,  in 
contact  with  necrotic  tissues 
in  vivo  (Austin  and 
Taylor)  627 

— , , normal  tis- 
sues in  vivo  (Austin  and 
Taylor)  62? 

Hypochlorite,  behavior  of,  in 
contact  with  necrotic  tissues 
in  vivo  (Austin  and  Tay- 
lor) 627 

— , , normal  tis- 
sues in  vivo  (Austin  and 
Taylor)  627 

Necrotic  tissue,  by  antisep- 
tics (Taylor  and  Austin) 

155 
Spirochaeta : 

Genitalia,  normal  male,  spiro- 
chetal flora  of  (Noguchi) 

667 

icterohcemorrhagia.  Sec  also 
Leptospira  icterohcEmorrhag  ice. 

— ,  cultivation  (Noguchi) 

593 

— ,  distribution  in  organs  after 
intravenous      serum      treat- 
ment (Kaneko  and  Okuda) 
305 
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Spirochaeta — continued: 

icterohcBmorrhagia,  morphology 
(NoGUCHi)  575 

— ,  nomenclature  (Noguchi) 

575 
— ,    survival    in    nature    (No- 
guchi) 609 
Spirochaetosis  icterohaemorrhagica : 

See  Disease,   Weil's. 
Spleen : 

Iron,  distribution  of,  in  anemia 
(DuBiN  and  Pearce)       479 
Stimulation : 

Choroid  plexus,  and  poliomye- 
litis (Flexner,  Amoss,  and 
Eberson)  679 

Streptococcus : 

Hemolytic,  effect  of  injections 
on  susceptible  and  insus- 
ceptible animals  (Hopkins 
and  Parker)  1 

viridans,     localization      (Det- 
WEiLER  and  Maitland)     37 
Surgical : 

Shock,  relation  of  low  blood 
pressures  of  anaphylactic 
shock  (SiMONDs)  539 

— , fat  em- 
bolism (SiMONDS)  539 

— , •  —  peptone 

shock  (SiMONDS)  539 

Survival : 

Leptospira    {Spirocbmla)    icier  o- 
hcemorrhagicE  in  nature  (No- 
guchi) 609 
Poliomyelitis     virus     in     brain 
(Amoss)  443 
Susceptibility : 

Streptococci,  hemolytic,  effect 
of  injections  on  susceptible 
and  insvfsceptible  animals 
(Hopkins  and  Parker)        1 


Therapeutic  : 

Experiments    with    Rosenow's 
antipoliomyelitic  serum 

(Amoss  and  Eberson)      309 


Therapy : 

Serum,  Weil's  disease  (Inada, 
Ido,  Hoki,  Ito,  and  Wani) 
283 
Thorax: 

Lung  volume,  relation  between 

thorax   size  and,   in   normal 

adults      (Lundsgaard     and 

Van  Slyke)  65 

Tissue : 

Changes,  morphological,  caused 
by  reduced  oxidation  (Mar- 
tin, Loevenhart,  and 
Bunting)  399 

Necrotic,  behavior  of  chlora- 
mine-T  solutions  in  contact 
with  (Austin  and  Taylor) 
627 
— ,  —  —  hypochlorite  solu- 
tions in  contact  with  (Austin 
and  Taylor)  627 

— ,   solvent  action  of  antisep- 
tics (Taylor  and  Austin)  • 
155 
Normal,  behavior  of  chloramine- 
T   solutions  in    contact    with 
(Austin  and  Taylor)       627 

— , hypochlorite  solutions 

in  contact  with  (Austin  and 
Taylor)  627 

Toxicity : 

Antiseptics  (Taylor  and 
Austin)  635 

Toxin: 

Bacillus  welchii,  action  of  an- 
tiseptics on  (Taylor  and 
Austin)  375 

Transfusion : 

Hemagglutinin  and   agglutino- 
gen   in    blood   of   transfused 
rabbits  (Rous  and  Robert- 
son) 509 
Transplantation : 

Ureter,  into  duodenum  (Goto) 
449 
Treatment : 

Intravenous  serum,  distribu- 
tion    of     SpirochcBla     ictcro- 
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Treatment — cntiiued: 

hwmorrhagicE  in  organs  after 
(Kaxeko  and  Okuda) 

305 
Tuberculosis : 

Lung  volume  in  tuberculous 
men  (Garvin,  Lundsgaard, 
and  Van  Slyke)  87 

women  (Garvin, 

Lundsgaard,   and   Van 
Slyke)  129 


U 


Unsaturation : 

Oxygen, '  in  venous  blood  of 
patients  with  circulatory  dis- 
turbances  (LllfNDSGAARD) 

179 


— , compen- 
sated circulatory  disturb- 
ances (Lundsgaard) 

199 

; — , incom- 

pensated  circulatory  disturb- 
ances (Lundsgaard)        219 
Ureter : 

Transplantation  into  duo- 
denum (Goto)  449 


Vaccine : 

Virus,  pure,  cultivated  in  vivo 
(NoGUCHi)  425 

Vein: 

Blood,     venous,      oxygen      in 
(Lundsgaard) 

179,  199,  219 
— ,  — ,  —  unsaturation  of  pa- 
tients  with    circulatory   dis- 
turbances (Lundsgaard) 

179 


Vein — continued: 

Blood,  venous,  oxygen  unsatura- 
tion of  patients  with  compen- 
sated circulatory  disturb- 
ances (Lundsgaard)         199 

— ,  — , incom- 

pensated  circulatory  disturb- 
ances (Lundsgaard)  219 
Viridans : 

Streptococcus,  localization 

(Detweiler  and  Maitland) 
37 
Virus: 

Poliomyelitic,  survival  in  brain 
(Amoss)  443 

Vaccine,  pure,  cultivated  in 
viio  (NoGUCHi)  425 

Volume : 

Lung  (Garvin,  Lundsgaard, 
and  Van  Slyke)         87,  129 

—  (Lundsgaard  and  Van 
Slyke)  65 

— ,  in  tuberculous  men  (Gar- 
vin, Lundsgaard,  and  Van 
Slyke)  87 

— ,  —  —  women  (Garvin, 
Lundsg'aard,  and  Van 
Slyke)  129 

— ,  relation  between  thorax 
size  and,  in  normal  adults 
(Lundsgaard  and  Van 
Slyke)  65 

W 
Weil's  disease: 

Sec  Disease. 
Welchii : 

Bacillus,  toxin,  action  of  an- 
tiseptics on  (Taylor  and 
Austin)  375 

Wound : 

Cicatrization  (Tuffier  and 
Desmarres)  165 
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